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had been edited and forwarded to the National Center for Health Statistics. This present survey actually represents a 

Centers for Disease Control 
Atlanta, Georgia 30333 

Dear Colleague: 

The second National Health and Nutrition Examination Survey (HANESII) was conducted from January 1976 to 
June 1980 by the National Center for Health Statistics (NCHS) on 27,801 persons interviewed at 64 different geo
graphical locations. Mobile vans staffed by NCHS medical teams, who conducted extensive medical examinations of 
participants and collected blood and urine specimens, traveled to the different localities. Participants were identified in 
advance and initially contacted by the U.S. Bureau of the Census to represent a national probabilitysampling of the non-
institutionalized U.S. population between the ages of 6 months to 74 years old. In addition to a physician’s examination 
and medical history, this survey also included taking body measurements; a dietary interview; and, dependent on the 
age of the participant, tests for hearing and certain allergies, a speech recording, x-rays of chest, neck or back, electro
cardiogram, measure of breathing capacity, glucose tolerance test, breast examination, and test for venereal disease. 

The bulk of the specimens collected were shipped to the Centers for Disease Control for chemical analysis. Many 
of the analytes were vitamins and trace elements, which occur in minute amounts in biological materials and whose 
analysis is difficult and complex. In general, they are attempted in only a few reference laboratories and research centers. 
In addition to performing most of the analyses, the Clinical Chemistry Division, Center for Environmental Health was 
responsible for developing and validating methods for analyzing specimens, determining how specimens should be col
lected and shipped, training collection teams and monitoring van operations, receiving and distributing samples, com
puter input of laboratory and other data, and design and implementation of internal and “blind” quality control sur
veillance. A total of 252,222 specimens were received and distributed; 357,415 chemical analyses were performed, and 
138,854 data records were transmitted to the National Center for Health Statistics. 

Results of this survey, mandated by Congress to assess health problems and the nutritional status of the nation, 
will have considerable impact on Federal programs and health care delivery. Data tapes are made available to other 
government agencies and can be obtained by private concerns. Expected outputs include measurement of the extent of 
environmental toxicity of lead, for example, and the studies on Vitamins A and C may be used by the National Cancer 
Institute to assess possible interrelationships of these substances with cancer. Results of glucose tolerance tests, analyzed 
by a modification of the glucose reference method, will address the magnitude of undiagnosed diabetes. And the nutri
tional aspects of the survey will help determine the augmentation of fortified food, since a focus of HANES II was on the 
extent and possible causes of anemia in the United States. The statistical design of the survey allows analysis of the data 
with respect to various demographic and socioeconomic factors. The extensive normative data base established will not 
only be used to identify current problems, but will also serve as a comparison to determine changes with time and 
effects of intervention efforts. 

This manual details the methods used by the Clinical Chemistry Division for the chemical analyses, plus the quality 
control data generated over the course of the entire survey. Its purpose is threefold: 1) to use in interpreting survey 
results, 2) to serve as a link to investigators who wish to tie in to this data base; and 3) to provide nutritional methods 
in a new and expanding area of clinical chemistry. 

Four critical factors with respect to the laboratory component of this survey were: 1) a lead time of only four 
months in which to develop methods and collection procedures, train staffs and implement quality control; 2) the 
complexity of the analytical techniques required; 3) the maintenance of a designated turnaround time, since return of 
results to each participant’s personal physician was an inducement to participate in the survey; and 4) the high quality 
of results necessary to assure comparabiltiy of data generated over a five-year period. The quality of the data generated 
proved to be outstanding for such long-term, multicomponent study. All analyses were completed on schedule without 
the necessity for repeating large blocks of samples; within three months of the completion of the survey, all data tapes 



continuing collaboration which began in 1970 between continuing collaboration which began in 1970 between the CDC and the NCHS, principally with the Division of Health 

Center for Environmental Health 
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Examination Statistics and the Division of Operations, Examination Statistics and the Division of Operations, 
writing to: writing to: 

National Center for Health Statistics 
Scientific and Technical Information Branch 
3700 East-West Highway, Room 1-57 
Hyattsville, MD 20782 

National Center for Health Statistics 
Scientific and Technical Information Branch 
3700 East-West Highway, Room l-57 
Hyattsville, MD 20782 

NCHS. Results of the HANES II survey can be obtained by 

Sincerely, 

-

Director 
Clinical Chemistry Division 
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I. Introduction 
This manual was designed to document the full scope of the biochemistry portion of the section national’ 

Health and Nutrition Examination Survey (HANES II). It is a complete, working laboratory manual for 
nutritional biochemistry analyses as they were performed in a field survey. 

Sections II and III describe the procedures used by the field laboratory staff (who are part of the Health 
Examination Field Operations Branch, Division of Data Services, National Center for Health Statistics 
(NCHS)) to collect and process specimens from examinees for the laboratory analyses in HANES II. Ana
lytical methods used by the Clinical Chemistry Division of the Centers for Disease Control (CDC) are de-
scribed in their entirety in Section IV, and Section V presents the quality control data from these analyses. 

The Nutritional Biochemistry Branch, Clinical Chemistry Division, Center for Environmental Health, 
CDC, served as the coordinating laboratory for biochemistry analyses for HANES II. In addition to perfor
ming analyses, the Branch also researched, developed, and validated clinical and nutritional biochemistry 
methods for future implementation. 

Serum, plasma, and whole blood specimens collected from survey participants by the NCHS field labora
tory personnel were sent to CDC from 64 different field locations during the survey. These specimens were 
inventoried and distributed for analyses to CDC laboratories as well as to several outside laboratories. 
Pertinent identification data and all biochemical and hematological data for 20,322 survey participants 
were entered and maintained in amaster computer file; periodic updates and a final, complete master 
tape record were furnished to the NCHS. 

Sixteen biochemistry analyses were performed by the Clinical Chemistry Division for HANES II. Ana
lyses for protoporphyrin, iron, total iron-binding capacity, albumin, vitamin C, zinc, copper, serum and red 
cell folate, vitamin A, and vitamin B12 were performed in the Technical Services Section, Nutritional Bio
chemistry Branch. Analyses for blood lead were performed in the Toxicology Branch. Measurements for 
glucose, alkaline phosphatase, serum glutamic-oxaloacetic transaminase, and bilirubin were performed in 
the Clinical Trials Section, Metabolic Biochemistry Branch. The methods used were investigated before the 
start of HANES II and were subjected to validation studies to confirm their analytical soundness. Before re
quired changes in methods were instituted, such as for the folate assay, extensive comparison studies were 
performed. It was also necessary to develop biological control materials for use in assuring the quality and 
comparability of the data generated over the 4-year course of the Survey. 

In conjunction with the Hematology Division, the Nutritional Biochemistry Branch provided training for 
the field laboratory personnel, developed sample collection and processing procedures, produced a labora
tory manual of these procedures, and conducted periodic inspections of the field sites to ensure that proper 
techniques were being used. 

1 



II. FieldSpecimenCollection 
A. VENIPUNCTURE BLOOD COLLECTION 

Collect the following evacuated specimen tubes* from each age group: 

Age Group A B C 
(Years) <3 3-11 12-19 

D E 
20-74 20-74 

Label Color Code Red Green Yellow 

Bile Salts GTT 

Blue Orange 

Tube Type: 
5-mL lavender-top 1 2 2 2 2 
(0.048 mL 15% K3EDTA) 
Monoject #8881-011442** 

15-mL red-top 
B-D #6432t 1 2 3 4 3 

I0-mL blue-top 
(trace metal) 
B-D #6526 

1 1 1 1 

5-mL gray-top 
(10 mg potassium oxalate 
+12.5 mg sodium fluoride) 
B-D #6471 

3 

*Use of trade names is for identification only and does not constitute endorsement by the Public Health Service or by the 
U.S. Department of Health and Human Services 

**Monoject, Division of Sherwood Medical Industries, St. Louis, MO. 
tBecton-Dickinson Co., Rutherford, NJ. 

B. CAPILLARY BLOOD COLLECTION 
If a venipuncture is unsuccessful on children less than 5 years old, collect the following samples 

by finger stick, after cleaning the fingertip with surgical soap,* spraying the fingertip with silicone 
spray** (to minimize lead contamination), and allowing the finger to dry for several minutes: 

1. Three 20-µL capillary tubes (for white blood cell, red blood cell, and hemoglobin determinations). 

2. Two heparinized hematocrit tubes (for hematocrit determinations). 

3. Two lead-free 100-µL capillary tubes† (for blood lead and erythrocyte protoporphyrin determi
nations). 

4. Two blood smears on glass slides (for peripheral smear hematology evaluations). 

* “Frepps” disposable swabs, 15% aqueous green soap solution, No. 26-03-00, Marion Scientific Corp., Rockford, 
IL. 

** TMI silicone spray protective coating, Trace Metals Instruments, New York, NY. 
† ESA heparinized and EDTA-treated capillary sets, Environmental Science Associates, Bedford, MA. 

2 



III.FieldSpecimenProcessing 
A. SPECIMEN SEPARATION 

1. Centrifugation 
Perform all processing work under the laminar-flow hood, using only those materials prescreened 
for trace metals contamination levels by CDC. Allow blood in each red- or blue-top tube to clot 
for 30-40 min at room temperature. For red-top tubes, remove the stopper, loosen the clot from 
the sides of the tube with a clean, wooden applicator stick, and replace stopper. Do not open blue-
top tubes until after centrifugation, to prevent contamination. Centrifuge and separate plasma 
from gray-top tubes as soon as possible. Place all tubes in centrifuge carriers; balance and centri
fuge at 2,400 rpm (RCF = 1115)* for 10 min. 

2. Serum Separation and Pooling 
Do not allow serum to remain in contact with the clot for longer than 1 h after the specimen is 
collected. Using a serum separator,** carefully remove the serum from the blue-top tube and pour 
it into the trace metals vial. Remove serum from all red-top tubes with serum separators and pool 
it into a 50-mL centrifuge tube, carefully avoiding the introduction of any cellular debris. If the 
serum from any red-top tube is grossly hemolyzed (for example, from traumatic venipuncture or 
mishandling), do not pool it with serum from the remaining tubes. If all the serum from an ex
aminee is turbid, lipemic, or icteric, pool it and allocate as usual.(Not all biochemical tests may be 
performed on these specimens.) Stopper the 50-mL tube and mix its contents by inversion. Aliquot 
immediately or refrigerate at 4° C no longer than 4 h. Label each specimen as it is processed. 

*Relative Centrifugal Force (RCF) = .00001118 X r X N2, where r = 16.41 cm for the radius of the HL-4 rotor of a 
Sorvall GLC-1 centrifuge and N = 2,400 rpm. 

**Accusep serum separators, No. AL-51-0037, Acculab, Division of Precision Technology, Norwood, NJ. 

B. SPECIMEN ALLOCATION 
Label all vials with examinee’s identification number and allocate specimens as follows: 

1. Serum 
Using clear serum only, fill as many vials as possible in the order of priority shown in Table l.* If 
the serum from the blue-top tube is grossly hemolyzed, do not send it for analysis, but note hemo
lysis under “comments” on the 411 worksheet. Prepare the serum extract for vitamin C analysis. 

2. Plasma 
Using a clean Pasteur pipette, remove plasma from each timed glucose tolerance test specimen 
after centrifugation and place in the appropriately labeled vial. 

3. Whole Blood 
For all age groups except A (<3 years), for which only one tube is filled, use the first lavender-top 
tube for hematological determinations and the second tube for biochemical specimen (erythrocyte 
protoporphyrin and blood lead) allocation to prevent contaminating the specimens for lead ana
lysis. Prepare the whole blood hemolysate for red blood cell folate analysis. Save the remainder of 
the hematology-designated tube to ship to CDC for hemoglobinopathy studies. 

*Table 2 is also presented to show the analytical protocol for each age group and specimen type. 



TABLE 1 
Hanes I I Blood Processing Protocol 

(Listed in Order of Priority) 

Test 
Number 

Test 
Name 

Sample Specimen* Collection Vial** Special 

Age Group(s) Size (mL) Type Type Type Handling Analyzed By Other Remarks 

ÞPesticide analyses are performed on specimens from all persons with even-numbered identification numbers from groups C and D. A urine specimen is also 
collected on these persons. 

4 

1. 

2. 

Protoporphyrin 

RBC Folate 

A,B,C,D,E 1 WB 5-mL EDTA 3-mL W CDC 100 µL If fingerstick 
lavender on A or B 

A,B,C,D,E 0.5 WB-HEM 5-mL EDTA 3-mL W 1:5 dilution with CDC 500 µL SMI F pipette† 
lavender ascorbic acid 2000 µL SMI H pipette 

3. 

4. 

Lead 

Carboxy
hemoglobin 

A,B,C,D,E 1 

B,C,D,E 1 

WE 5-mL EDTA 5-mL P Packard vial CDC 100 µL if fingerstick 
lavender on A or B subsample†† 

WB 5-ML EDTA 3-mL W Johns Hopkins Do not freeze. 
lavender 

5. Glucose E 1,1,1 P 5-mL NaF 3-mL W CDC Glucola given. Fasting, 
a.b,c Tolerance gray 1 h, 2 h collected 

6. 

7. 

Iron/Total Iron A,B,C,D,E 3 S 15-mL red 3-mL W CDC 
Binding Capacity 

Folate A.B.C.D.E 2 S I5-mL red 3-mL W CDC 

8. Vitamin B12 A,B,C,D,E 2 

9. Ferritin B,C,D,E 1 

S 15-mL red 3-mL W CDC 

S 15-mL red 3-mL W Univ. Kans. Send to CDC. 
Med. School 

10. Vitamin A 

11. Vitamin C 

B 3 S 15-mL red 3-mL W CDC 

B,C,D,E 0.75 S-EXT 15-mL red 6-mL W 1:5 extract in CDC 750 µL SMI G pipette 
m-phosphoric acid 3000 µL SMI H. pipette 

12. 

13. 

14. 

Albumin B,C,D,E 1 S 15-mL red 3-mL W CDC 

Cholesterol/ D,E 3 S 15-mL red 6-mL F Geo. Washington Must be in clear tube 
Triglycerides University to detect lipemia 

Syphilis C,D,E 0.5 S 15-mL red 3-mL W CDC 

15. Bile Salts D 

16. Pesticides C,D 

17. Creatinine C,D,E 

18. Zinc/Copper B,C,D,E 

2 S 15-mL red 3-mL W Cornell Univ. (35-74 only) fat-load-
Med. School ing - X-NOG used 

5 S 15-mL red 20-mL special vial EPA Urine sample to be 
EPA Collected. SubsampleÞ 

2 S 15-mL red 3-mL W Western 
Pathology 

5 S 10-mL blue 5-mL P Packard vial CDC Entire collection pro
cess must be free of trace 

19. Reserve A,B,C,D,E 2 

20. Excess C,D,E 1 

21. Excess C,D,E 1 

metal contamination. 

S 15-mL red 3-mL W CDC 

S 15-mL red 3-mL W CDC 

S 15-mL red 3-mL W CDC 

*Specimen Type: WB = Whole blood 
W&HEM = Whole blood hemolysate for RBC folate analysis (500 µL of EDTA-whole blood is added to 2.0 mL of 1 g/dL ascorbic acid, 

then mixed and frozen before shipping) 
P = Plasma 
S = Serum 

S-EXT = Serum extract for vitamin C analysis (750 µL of serum is added to 3.0 mL of 6 g/dL m-phosphoric acid, then mixed and 
frozen prior to shipment.) 

**Vial Type: W = 
P = 

3-or 5.5-mL Wheaton vial with dropper tip, #20272 and #20275 Wheaton, inc., Millville, NJ. 
“Mini-vial” plastic scintillation vial, 6 mL, #6000243, Packard Instruments Corp., Downers Grove, IL. 

F = Falcon 2027 disposable polystyrene tube, Becton-Dickinson Co., Oxnard, CA. 
EPA = 20-mL glass jar supplied by the Environmental Protection Agency to prevent contamination of pesticide analysis. 

†Scientific Manufacturing Industries, Emeryville, CA. 

††Lead analyses are performed on specimens from all children less than 7 years old and from persons 7 years old or older with even-numbered identification 
numbers. 



TABLE 2 
Analytical Protocol for Hanes II Specimens 

AGE GROUP 
AGE (YRS) 

COLOR 

Lead 

Protoporphyrin 
Red Cell Folate* 

WHOLE BLOOD 
Lead Lead Lead Lead 

Carboxy- Carboxy- Carboxy- Carboxy
hemoglobin hemoglobin hemoglobin hemoglobin 

Protoporphyrin Protoporphyrin Protoporphyrin Protoporphyrin 
Red Cell Folate* Red Cell Folate* Red Cell Folate* Red Cell Folate* 

SERUM 
Ferritin* Ferritin* 

Iron 
Total Iron Binding Capacity (TIBC) 

Folate* 
Vitamin B12* 

Iron 
TIBC 

Folate* 
Vitamin B12* 

Vitamin A 
Copper 

Zinc 
Albumin 

Vitamin C 

Pesticides 
Creatinine 

Syphilis 
Iron 

TIBC 
Folate* 

Vitamin B12* 

Copper 
Zinc 

Albumin 
Vitamin C 

Ferritin* 
Bile Salts** 
Cholesterol 
Triglyceride 

Pesticides 
Creatinine 

Syphilis 
Iron 

TIBC 
Folate* 

Vitamin B12* 

Copper 
Zinc 

Albumin 
Vitamin C 

Ferritin* 

Cholesterol 
Triglyceride 

Creatinine 
Syphilis 

Iron 
TIBC 

Folate* 
Vitamin B12* 

Copper 
Zinc 

Albumin 
Vitamin C 

PLASMA 
Glucose Tolerance† 

(Fasting,l,2 h) 

*Anemia Subgroup Only (See Table 3) for an explanation of the subgroup criteria.) 

**To be tested only on a subgroup 35-74 years old. Patients were administered X-NOGR, a high-fat eggnog drink with 
approximately 8.6% full milk cream and egg yolks (Syntex Laboratories, Palo Alto, CA). A blood specimen was collect
ed 2 h later for bile salts analysis. CDC performed bilirubin, aspartate aminotransferase, and alkaline phosphatase meas
urements on samples with elevated bile salts. 

†2 h glucose tolerance tests were performed on this age group. A fasting blood specimen was collected; the patient was 
given GlucolaR (#2604, Ames Diagnostics, Elkhart, IN), a 75-g carbohydrate-load cola solution. Additional specimens 
were collected 1 and 2 h after cola ingestion. 



TABLE 3 
Criteria for inclusion into the Anemia Subgroup 

(On the basis of these hematological indices, a sample person was selected for the anemia subgroup; serum 
and red cell folate, vitamin B12, and ferritin assays and differential smear analyses were performed. A con
trol group was composed of those normal sample persons whose identification numbers ended in 8.) 

ASSESSMENT/SEX-AGE Less Than 

VALUE 

Greater Than 

White Cell Count (All) 

Red Cell Count 
Males > 15 yrs 
Females > 15 yrs 
Children* 

Hemoglobin 
Males > 15 yrs 
Females > 15 yrs 
Children* 

Hematocrit 
Males > 15 yrs 
Females > 15 yrs 
Children* 

Mean Corpuscular Volume 
Males > 15 yrs 
Females > 15 yrs 
Children* 

3.5 (X 103) 

4.0 (X 106) 

3.8 (X 106) 

13.5 g/dL 18.5 g/dL 
11.5 g/dL 16.5 g/dL 
11.0 g/dL -

38.0 % 
32.0 % 
31.0% 

79.5 µ3 

74.5 µ3 

13.0 (X 103) 

6.0 (X 106) 

6.0 (X 106) 

56.0 % 
50.0 % 

-

105.0 µ3 

100.0 µ3 

*Persons under 16. 

C. SHIPPING PROCEDURES 
Shipping instructions are discussed in their entirety in HANES II Examination Staff Procedures Manual 
for the Health and Nutrition Examination Survey, 1976-7979. * 
1. CDC Shipments 

All processed specimens from one “sample person” (with the exception of the hematology lavender-
top tube) to be shipped to CDC are placed in a sealable plastic bag and frozen in an upright posi
tion. Shipments by priority mail are made on a daily basis in a large shipper containing the frozen 
samples, 12 pounds of cake dry ice, and the accompanying Deck 411 transmittal sheet originals. 
Hematology tubes are refrigerated and shipped to CDC on a weekly basis in a small shipper with a 
coolant to maintain sample integrity. Differential smears are collected in a slide box and are ship
ped at the end of a stand. 

These vials are shipped to CDC: 1,2,3,5a,5b,5c,6,7,8,9,10,11,12,14,18,19,20,21. 

2. Other Shipments 
a. Carboxyhemoglobin 

No. 4 vials are accumulated in the refrigerator and shipped weekly in a small Styrofoam shipper 
with a coolant and a copy of the Deck 405 transmittal form to: Johns Hopkins University, 
Department of Environmental Medicine, Baltimore, MD. 

b. Cholesterol/Triglycerides 
No. 13 clear plastic tubes are accumulated in the freezer and shipped weekly in special plastic 
shippers with dry ice and a copy of the Deck 430 transmittal form to: Lipid Research Clinic, 
George Washington University, Washington, DC. 

c. Bile Salts 
No. 15 vials are accumulated in the freezer and shipped weekly in a Styrofoam shipper with dry 
ice and a copy of the Deck 420 transmittal form to: Cornell University Medical School, Depart
ment of Internal Medicine, New York, NY. 

*National Center for Health Statistics: HANES II Examination Staff Procedures Manual for the Health and Nutrition Ex
amination Survey, 1976-1979, part 15a. Public Health Service, Hyattsville, MD, August 1979, pp. 9-3 - 9-6. 
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d. Pesticides 
The specialglasscontainersprovidedby the EnvironmentalProtectionAgency(vial16, serum, 
and a sample-numberlabeledvial with 20 mL of urine) are accumulatedin the freezerand 
shippedweekly in a specialmetalshipperwith dry ice anda copy of the Deck400 transmittal 
form to: U.S. EnvironmentalProtection Agency,Office of PesticidePrograms,Ecological 
MonitoringBranch,Washington,DC. 

e. Creatinine 
No. 17vialsareaccumulatedin the freezerandshippedweekly in a Styrofoamshipperwith dry 
ice and a copy of the Deck415 transmittalform to: WesternPathologyAssociates,Oakland, 
CA. 

D. STORAGE PROCEDURES 
Upon arrivalat CDC,the specimensaresortedby vialtype andarestoredat -2O°C(with the exception 
of vial 11 for vitaminA analysis,which is storedat -7O°C). 



IV.AnalyticalMethods 
A. ERYTHROCYTE PROTOPORPHYRIN 

1. Principle
Erythrocyte protoporphyrin is measuredby a modificationof the methodof SassaandGranick1. 
Protoporphyrin is extractedfrom EDTA-wholeblood into a 2:l (v/v) mixture of ethyl acetate
aceticacid,then back-extractedinto dilute hydrochloricacid.The protoporphyrinin the aqueous 
phaseis measuredfluorometricallyat excitation and emissionwavelengthsof 404 and 655 nm, 
respectively.Calculationsare basedon a processedprotoporphyrin IX (freeacid) standardcurve. 
The final concentrationof protoporphyrin in a specimenis expressedasmicrogramsperdeciliter 
of packedredblood cells(µg/dL RBC);a correctionfor the individualhematocritismade. 

2. Instrumentation 
a. Perkin-ElmerModelMPF-2Aspectrofluorometer,with R446photomultiplier tube, andcustom

mademicrocell(10- X 75-mm)holder positionedto allow the passageof light through the 
aqueousphaseonly. 
(Perkin-ElmerCorp.,Norwalk,CT) 

b. Model56 recorder 
(Perkin-ElmerCorp.) 

c. CaryModel119double-beamspectrophotometer 
(VarianAssociates,PaloAlto, CA) 

d. Vortex mixer 
(FisherScientificCo., Fairlawn,NJ) 

e. MicromedicModel25000AutomaticPipette,with 1.0-mLsamplinganddispensingpumps
(MicromedicSystems,Divisionof RohmandHaas,Horsham,PA) 

f. SMIMicropettors,sizesA, B,C 
(ScientificManufacturingIndustries,Berkeley,CA) 

g. Oxford ModelM reagentdispensers 
(Oxford Laboratories,FosterCity, CA) 

h. MettlerModelH18analyticalbalance 
(MettlerInstrumentCorp.,Hightstown,NJ) 

i. SorvallGLC-1centrifuge 
(DuPont-SorvallInstrumentCo.,Newton,CT) 

3. Materials 
a. ProtoporphyrinIX, dimethyl ester,99.3%purity, gradeI (SigmaChemicalCo.,St. Louis,MO)
Note: Storeat -20°Covera desiccant.Purchaseof one lot isrecommended. 
b. CoproporphyrinIII, 5 µg/vial,99%purity 

(PorphyrinProducts,Logan,UT)
Note: Storeat roomtemperatureovera desiccant. 
c. Ethyl acetate,spectrophotometricquality 

(J.T. BakerCo.,Phillipsburg,NJ) 
d. RhodamineB (nogradegiven) 

(AlliedChemicalCo.,Morristown,NJ) 
e. Aceticacid,glacial,“BakerAnalyzed” 

(J.T. BakerCo.) 
f. Hydrochloricacid,concentrated,“BakerAnalyzed” 

(J.T. BakerCo.) 
g. Kimble10-X 75-mmdisposableglassculturetubes 

(KimbleDiv.,Owens-IllinoisCo.,Toledo,OH) 
h. ParafilmM 

(AmericanCanCo.,Greenwich,CT) 
i. Ethyleneglycol,“FisherCertified” 

(FisherScientificCo., Fairlawn,NJ) 
j. Actinic glassvolumetricflasks 

(CorningGlassworks,Corning,NY) 
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Note: All nondisposable glassware used in this assay should be washed in 10% (v/v) nitric acid 
and rinsed 6 times with deionized water. 

k. Deionized water, >1.0 megaOhm-cm at 25°C 
(Continental Water Co., Atlanta, GA) 

4. Reagent Preparation 
a. 7.0 mol/L Hydrochloric acid (HCI) 

Dilute 551 mL concentrated HCI to volume with deionized water in a l-liter volumetric flask. 
b. 1.79 mol/L HCI 

Dilute 141 mL concentrated HCI to volume with deionized water in a l-liter volumetric flask. 
c. 1.0 mol/L HCI 

Dilute 79 mL concentrated HCI to volume with deionized water in a 1-liter volumetric flask. 
d. 0.43 mol/L HCI 

Dilute 68 mL concentrated HCI to volume with deionized water in a 2-liter volumetric flask. 
Fill 1.0-mLreagent dispenser bottle daily with this reagent. 

e. 1.5 mol/L HCI 
Dilute 118 mL concentrated HCI to volume with deionized water in a l-liter volumetric flask. 
Note: These dilutions assume concentrated HCI to be 12.7 mol/L. The molar concentration of 
different lots of HCI should be calculated by using the following formula: 

mol/L = 
relative density X % HCI 

35.453 
f. 2: 1 (v/v) Ethyl acetate - acetic acid 

Working under a hood, combine 200 mL ethyl acetate and 100 mL glacial acetic acid. Mix the 
solution well and pour into a 1.0-mLreagent dispenser bottle. This volume of solution is suffi
cient for the standards, controls, and 80 specimens. (Prepare this reagent daily, immediately 
before sampling the whole blood.) 

5. Standard Preparation 
Note: Prepare all standard solutions with actinic glassvolumetric flasks. 
a. Rhodamine B (spectrofluorometer calibrator) 

(1) 40 mg/dL Stock Standard 
Dissolve 40 mg of Rhodamine B in 20 mL ethylene glycol in a 100-mL volumetric flask. 
Shake the flask vigorously, then dilute solution to volume with ethylene glycol. (Store at 
4°C. The solution is stable for at least 6 months.) 

(2) 0.48 µg/dL Working Solution 
Dilute 1.0 mL of 40 mg/dL stock to volume in a 50-mL volumetric flask with ethylene 
glycol, to yield a 0.8 mg/dL solution. Dilute 5 mL of this solution to volume in a l-liter 
volumetric flask with ethylene glycol, to yield a 4 µg/dL standard. Dilute 6 mL of the 4 
ug/dL standard to volume in a 50-mL volumetric flask with ethylene glycol, to yield a 
0.48 µg/dL standard for use as a daily instrument calibrator. (Prepare monthly; store at 
4°C.) 

b. Coproporphyrin /// (for monitoring performance of the spectrofluorometer) 
Verify the concentration of the 0.5 µg/mL coproporphyrin III stock standard solution from 
Porphyrin Products by measuring its absorbance in 1.0 mol/l HCI diluent at 401 nm. Use a 
millimolar absorptivity of 470. (An absorbance of 0.357 would be expected for a standard 
concentration of 0.5 µg/dL.) Using the observed absorbance, calculated the actual copropor
phyrin I I I concentration with the following formula: 

Coproporphyrin I I I = (Absorbance) (0.5 µg/dL) 
concentration 0.357 

(1) 1.0 µg/dL Intermediate Standard 
Dilute 4 mL of the 0.5 µg/mL stock standard to volume in a 200-mL volumetric flask 
with 1.0 mol/L HCI . (Prepare every 6 months; store at 4°C.) 

(2) 0.2 µg/dL Working Standard 
Dilute 20 mL of the 1.0 µg/dL intermediate standard to volume in a 100-mL volumetric 
flask with 1.0 mol/L HCI . (Prepare every 3 months; store at 4°C.) 
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(3) 0.7 µg/dL Working Standard 
Dilute 10 mL of the 1.0 µg/dL intermediate standard to volume in a 100-mL volumetric 
flask with 1.0 mol/L HCI . (Prepare every 3 months; store at 4°C.) 

c. Protoporphyrin IX Standards (Concentrations are expressed in terms of protoporphyrin IX free 
acid after the dimethyl ester has been hydrolyzed. The millimolar absorptivity of protoporphy
rin IX free acid has conventionally been determined in 1.5 mol/L HCI ; thus, the daily absor
bance reading of the hydrolysate is determined at this acid concentration’.) 

(1) 20 mg/dL Protoporphyrin IX Free Acid Hydrolysate (Stock Standard) 
Measure 42.0 mg protoporphyrin IX dimethyl ester (PPIX DME). Dilute to volume in a 
200-mL actinic volumetric flask, with 7 mol/L HCI . Add a small stirring bar, cover the 
flask with aluminum foil, and mix contents at 20-25°C for 3 h, using a magnetic stirrer. 
(Prepare weekly.) 

(2) 1000µg/dL Intermediate Stock 
After 3 h, dilute 25.0 mL of 20 mg/dL solution with ‘deionized water to volume in a 
500-mL actinic volumetric flask to yield a 1000 µg/dL solution, which is 0.35 mol/L 
with respect to HCI . (Prepare weekly.) 

(3) 100 µg/dL Standard for Daily Absorbance Readings 
Dilute 10.0 mL of 1000 µg/dL intermediate stock to volume in a 100-mL actinic volume
tric flask with 1.79 mol/L HCI, to yield a 100 µg/dL protoporphyrin IX standard, which 
is 1.5 mol/L with respect to HCI . Use an aliquot of this standard for absorbance readings, 
as in Section 6.b. 

Note: The theoretical concentration of this solution with respect to protoporphyrin lX 
free acid (PPIX FA) is calculated as follows: 

42 mg PPIX DME x 562.27 mg PPIX FA = .1999 mg PPIX FA 

200 mL 590.73 mg PPIX DME mL 

.1999 mg PPIX FA 25 mL =x x 10 mL .0009975 mg/mL PPIX FA 

mL 500 mL 100 mL (99.75 µg/dL) 

99.95µg x 1 mmol x 10dL x 1 mg = .00178 mmol/L- -
1 dL 562.27 mg 1 L 1000 µg PPIX FA 

(4) 100 µg/dL Standard for Dilutions 
Dilute 5.0 mL of 1000 µg/dL intermediate stock to volume with 0.43 mol/L HCI in a 
50-mL actinic volumetric flask. 

(5) 10-80 µg/dL Working Standards 
Prepare the following working standards daily by diluting the 100 µg/dL standard with 
0.43 mol/L HCI according to the following dilution scheme, using a Micromedic Auto
matic Pipette equipped with 1.0-mLsampling and dispensing pumps: 

Working
Standard 

Concentration 

Volume 
100µg/dL
Standard 

Volume 
0.43 mol/L
HCI Diluent 

250µL
428uL 
333uL 
500uL 
375uL 
583 uL 

1000uL 
2250uL 

Final 
Volume 

Final Dilution 
of 100 ug/dL

Standard 

80ug/dL 
70 ug/dL
60 ug/dL
50 ug/dL
40 ug/dL
30 ug/dL
20ug/dL
10 ug/dL 

1000 uL 
1000uL 

500uL 
500 uL 
250 uL 
250 uL 
250uL 
250uL 

1250 uL 
1428uL 
833uL 

1000uL 
625uL 
833 uL 

1250 uL 
2500uL 

8:1O 
7:1O 
6:1O 
5:1O 
4:1O 
3:1O 
2:1O 
1:1O 

These solutions are photolabile and should be stored in foil-wrapped tubes and processed 
as rapidly as possible. 
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6. Procedure 

Note: To protect hands against acids and solvents during sampling, wear latex gloves. 

a. Thaw specimens and quality control materials of frozen EDTA-whole blood at room tempera
ture. 
Note: Control pools with elevated levels of FEP are prepared from blood (EDTA-anticoagulated) 
collected from cows which have been administered lead acetate. 

b. Using the spectrophotometer, measure absorbance at h-maximum of the 100 ug/dL in 1.5 mol/L 
HCI standard solution against a blank of 1.5 mol/L HCI , scanning from 380-420 nm. (X-maxi
mum is approximately 407-408 nm.) This measurement will be used to determine standard con
centrations. 

c. Prepare the working standard dilutions from 100 ug/dL standard in 0.43 mol/L HCI , using 0.43 
mol/L HCI as a diluent. These dilutions are unstable; therefore, prepare them as rapidly as pos
sible. 

d. Prepare the 2:l ethyl acetate-acetic acid mixture and use it to fill a dispenser bottle for deliver
ing 1.0 mL of reagent. Fill another reagent dispenser bottle with 0.43 mol/L HCI for delivery 
of 1.0 mL. 

e. Before sampling, vortex thoroughly each standard dilution, quality control pool, or whole 
blood specimen. Using a size “C” SMI Micropettor, remove 10 uL of sample and place in a 10-
X 75mm disposable glass tube. 

f. Add 1.0 mL of the 2:l ethyl acetate-acetic acid mixture to the sample in tube. Vortex tho-
roughly for 10 seconds. 

g. Add 1.0 mL of the 0.43 mol/L HCI to tube. Wrap tube with Parafilm and vortex thoroughly 
for 10 seconds. 

h. Proceed to the next specimen, sampling in this order: standards and quality control pools in 
quadruplicate; whole blood specimens in duplicate. 

i. Prepare two blank tubes with 1.0 mL each of ethyl acetate-acetic acid and 0.43 mol/L HCL. 
j. When all sampling is completed, centrifuge all tubes for 4 min at 1400 rpm. Store processed 

sample tubes in dark until fluorometric readings are to be done. 
k. For samples outside the range of the standard curve, use a smaller sample size or dilute sample 

with saline. For example, 
5 uL = 1:2 dilution 
2 uL = 1:5 dilution 

100 uL sample and 900uL saline= 1:10 dilution, 10uL sample used 
I. Perkin-Elmer MPF-2A spectrofluorometer parameters: 

Slit width 20 nm 
Mode Ratio 
Reference sensitivity 1 
Sample sensitivity 3 
Photomultiplier tube R446 
Cuvettes 10- X 75mm in microcell adapter 

m. Wavelength settings: 
Excitation X Emission X 

Rhodamine B 400 607 
Coproporphyrin II I 400 648 
Protoporphyrin IX 404 655 

n. Using the rhodamine B wavelength settings, zero the spectrofluorometer with the processed 
blank solutions. Then, using an aliquot of 0.48 ug/dL working rhodamine B, set its fluorescent 
intensity to 20-25 recorder units(that is,a constant setting that will make the 80pg/dL standard 
read full scale) to provide an instrument calibrator. 

o. To monitor the daily performance of the instrument, change wavelength settings to those of 
coproporphyrin, rezero with blank solution, and read the fluorescence of the 0.1 and 0.2 ug/dL 
coproporphyrin I I I standards. 

p. Change wavelength settings to those of protoporphyrin and rezero with blank solution. Begin
ning with the 10 ug/dL standard, read each of the standard tubes, then the controls, and then 
the specimens, resetting the blank periodically. 

q. After reading all protoporphyrin tubes, reset the wavelengths and check for instrument drift 
by reading the coproporphyrin and the rhodamine B tubes. 



7. 

r. Calculations 
The millimolar absorptivity of protoporphytin IX free acid in 1.5 mol/L HCI has been deter-
mined in our laboratory to be 297 ± 1.0 (400 observations). Calculate the actual concentra
tion of the 100 ug/dL (.00178 mmol/L) working standard, using the following equation: 

A = ebc, and c = A 

Where: 
A = absorbance reading 
b = cuvette pathlength, 1 cm 
c = concentration, in mmol/L 
E = millimolar absorptivity of protoporphyrin IX free acid in 1.5 mol/L HCI , 297.45 

L/mmoI-cm 

For example, if the daily absorbance reading of the 100 ug/dL standard at X maximum is 0.520, 
then: 

c = (297 L/ 
0.520 

mmol-cm) (1 cm) 
= .00175 mmol/L 

Then: (.00175 mmol/L) (562.27 mg/mmol) (1000ug/mg) (1L/10 dL) = 98.40 ug/dL 
PPIX FA 

Consider 98.40 as a percentage of 100 ug/dL and correct the standard curve accordingly: 
10 ug/dL X .9840 = 9.84 
20 ug/dL X .9840 = 19.68, etc. 

Perform a linear regression with x = corrected standard concentration, and y = fluorescent 
intensity reading. Using the slope of the standard curve, and assuming zero intercept, calculate 
the concentration of protoporphyrin IX per deciliter of whole blood for each specimen. To 
correct for hematocrit and express results ug/dL of RBC, use this formula: 

ug/dL whole blood 
Xl00 = ug/dL RBC 

hematocrit 

CDC Modifications 
The following modifications of the original methods are based on CDC optimization experiments: 
(a) sample size increased from 2 uL to 10 uL; (b) ethyl acetate-acetic acid and 0.43 mol/L HCI 
volumes increased from 0.3 mL to 1.0 mL; (c) processed protoporphyrin IX standards used; 
(d) hydrolysis time for the dimethyl ester decreased from 48 h to 3 h, on the basis of the work of 

and (e) 0.43 mol/L HCI chosen for maximum fluorescent intensity of the ex
tracted protoporphyrin IX. 

B. SERUM IRON AND TOTAL IRON-BINDING CAPACITY 
7. Principle 

Serum iron and total iron-binding capacity (TIBC) are measured by a modification of the auto-
mated Technicon AAll-25 method, which is based on the procedures of Giovanniello et a/.4 and 
Ramsey’. Iron is quantitated by measuring the intensity of the violet complex formed in the 
reaction between ferrozine and Fe (I I) in pH 4.7 acetate buffer at 562 nm. 
In TIBC tests, serum is mixed with a 400 ug/dL iron solution to saturate the iron-binding sites of 
the serum transferrin molecules. Magnesium carbonate is used to remove excess iron. After centri
fugation to precipitate the magnesium carbonate, the supernatant is analyzed for iron. 

2. Instrumentation 
a. Technicon AutoAnalyzer I system (Technicon Instruments, Inc., Tarrytown, NY) 

(1) Sampler II or III with 30/h 1:1 cam 
(2) Pump II 
(3) Dialyzer - 37°C, with, two standard type C dialysis plates connected in series 
(4) Colorimeter -with 50-mm I.D. flowcell and 570-nm filters 
(5) Bristol Recorder 
(6) Flow-rated tubing 
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b. Micromedic Model 25000 Automatic Pipette, with 1.0-mL sampling and 5.0-mL dispensing 
pumps (Micromedic Systems, Division of Rohm and Haas, Horsham, PA) 

c. Vortex mixer (Fisher Scientific Co., Fairlawn, NJ) 
d. IEC Centrifuge, Model UV (International Equipment Co., Needham Heights, MA) 

3. Materials 
a. 2.0-mL disposable conical bottom sample cups for AutoAnalyzers, HRI No. 8889-201409 

(Lancer Division, Sherwood Medical Corp., St. Louis, MO) 
b. Disposable filtering columns (Whale Scientific Co., Denver, CO) 
C. “Ferrozine” iron reagent (3-(2 pyridyl)-5,6 bis (4-phenylsulfonic acid)-1, 2, 4, triazine, mono-

sodium, monohydrate), 93.95% purity (Hach Chemical Co., Ames, IA) 
d. L-ascorbic acid, 99.9% purity (J. T. Baker Co., Phillipsburg, NJ) 
e. Magnesium carbonate (basic), Fisher certified (Fisher Scientific Co.) 
f. Sodium hydroxide (NaOH), electrolytic pellets, A.C.S. certified (Fisher Scientific Co.) 
g. Acetic acid, glacial, reagent grade (J. T. Baker Co.) 
h. Hydrochloric acid (HCI), concentrated, reagent grade (J. T. Baker Co.) 
i. Brij-35, 30% solution (Pierce Chemical Co., Rockford, IL) 
j. 15- X 85-mm disposable culture tubes (Corning Glass Works, Corning, NY), lot-tested for iron 

contamination 
k. Iron wire, 99.9% purity (Mallinckrodt Chemical Works, St. Louis, MO) 
I. Deionized water, >1.0 megaOhm-cm at 25°C (Continental Water Co., Atlanta, GA) 
m. Sodium chloride (NaCI), ACS certified (Fisher Scientific Co.) 

4. Reagent Preparation 
a. 0.2 mol/L Hydrochloric Acid with 3g/dL Sodium Chloride 

To 250 mL of deionized water in a 2-liter flask, add 34 mL of concentration HCI, 60 g of NaCI, 
and 0.5 mL of Brij-35, 30% solution. Mix well and dilute to 2 L with water. (Prepare as needed; 
stable at 25°C.) 

b. 1.0 g/dL Ascorbic Acid 
Add 8 g of L-ascorbic acid to 800 mL of 0.2 mol/L HCI with 3 g/dL NaCI. Mix well. (Prepare 
daily.) 

c. 0.75 mol/L Acetate Buffer, pH 4.7 at 25°C 
Add 45 g of glacial acetic acid and 19.5 g of NaOH pellets to 200 mL of deionized water in a 
l-liter flask. Mix well, with stirring, and dilute to volume with deionized water. Check to ensure 
that final pH is 4.7 ± 0.1 and adjust if necessary with 0.1 N NaOH or 0.1 N HCI . (Prepare 
weekly; stable at 25°C.) 

d. 0.07gldL Ferrozine 
Add 0.7g ferrozine to 1 L of 0.75 mol/L acetate buffer solution and mix well. (Prepare weekly; 
stable at 25°C.) 

e. 0.5 ml/L Brij-35 WashSolution 
Add 1.0 mL Brij-35, 30% solution, to 2 L deionized water and mix well. (Prepare weekly.) 

f. 0.7 mol/L Hydrochloric Acid (for Standards) 
Add 9.3 mL concentrated HCI to 500 mL deionized water in a l-liter volumetric flask. Mix 
well and dilute to volume with water. Do not add Brij-35. (Approximately 5 L of this solution 
is required to prepare intermediate and working standards.) 

g. 400 ug/dL Iron Saturating Solution 
Dilute 2.0 mL of the 1.0 g/dL stock iron standard to volume in a 500-mL flask with deionized 
water. (Stable at 25°C.) 

5. Standard Preparation 
a. 1.0 g/L Stock Iron Standard Solution 

Place 1.000 g iron wire in a l-liter volumetric flask. Add 12 mL of concentrated HCI and 
dissolve wire with slight warming. After dissolution of wire is complete, cool flask to room 
temperature and dilute to volume with deionized water. (Stable indefinitely; store in a poly-
ethylene container at 25°C.) 

b. 50.0 mg/L Iron Intermediate Stock Solution 
Dilute 25 mL of the 1.0 g/L stock iron solution to 500 mL with 0.1 moI/L HCI . (Prepare each 
time new working standards are required.) 
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c. Working Iron Standards 
In a series of 500-mL volumetric flasks, prepare dilutions from the intermediate standard as 
shown below. Dilute to 500 mL with 0.1 mol/L HCI and mix well. (Prepare every 3 months.) 

WORKING IRON STANDARDS 
(Dilute to 500 mL with 0.1 mol/L HCI) 

mL of 50 mg/L Final Concentration 
Intermediate Standard ug/dL Iron 

3 30 
5 50 
8 80 

10 100 
15 150 
20 200 
25 250 
30 300 

6. Procedure 
a. Preparation of Serum Samples for Iron Assay 

Mix freshly drawn or thawed serum samples thoroughly, using a Vortex mixer. Filter about 1.5 
mL of serum into a 2.0-mL AutoAnalyzer sample cup, using a disposable plastic filtration 
column to remove fibrin. 

b. Preparation of Samples for TIBC Assay 
Using the Micromedic Automatic Pipette, add 0.8 mL of well-mixed filtered serum to 1.6 mL 
of 400 ug/dL iron saturating solution in 15- X 80-mm tubes. Mix well (vortex) and allow tubes 
to stand for at least 15 min (at this point, the samples may be tightly capped and kept at 4°C 
overnight if necessary). Add 0.2 g of basic magnesium carbonate directly to each tube of di
luted serum. Vortex contents of tubes, then allow the tubes to stand for 45 min, mixing at 15-
min intervals. Centrifuge the samples at 2500 rpm for 10 min to pack the magnesium carbonate. 
Decant the supernatant into 2.0-mL AutoAnalyzer sample cups and proceed as with the iron 
analysis. 

c. Quality Control Materials 
Assay quality control pools in the same manner as sample, with this exception: TIBC cannot 
be accurately determined on reconstituted lyophilized serum. 

d . Operation 
Follow standard AutoAnalyzer protocol as in Practical Automation for the Clinical Labor-
atory6. 
Approximately 0.8 mL of serum or supernatant is required for each analysis. For every 40 spec
imens, standards and controls are analyzed in duplicate. 
Change flow-rated pump tubing and type C dialysis membranes every 4 days of analysis. For 
maximal sensitivity, the 300 ug/dL standard should read at least .350 absorbance units, making 
making the use of scale expansion unnecessary. 

e. Calculations 
Calculate serum iron concentrations of specimens and diluted TIBC samples from the slope and 
y-intercept of the standard curve. Then multiply the iron concentration of the diluted TIBC 
sample by the dilution factor of 3. Report serum iron and TIBC as micrograms of iron per deci
liter of serum ug/dL). Verify by dilution and/or reassay any serum iron concentrations less 
than 30 (ug/dL) or greater than 200 ug/dL and TIBC concentrations less than 250 ug/dL or 
greater than 500 ug/dL. The analysis is linear to 1000 ug/dL. 

7. CDC Modifications 
The following modifications to theTechnicon AAll-25 method are noted: (a) The reagent concen
trations used and their ratios are based in procedures developed at CDC, (b) two standard Techni
con AutoAnalyzer I type C dialysis plate assemblies are connected in series to increase the ef
ficiency of dialysis, (c) ferrozine is incorporated into the acetate buffer, and (d) a 50-mm flow-cell 
is used in the calorimeter to maximize sensitivity. 

8. Flow Diagram (See following page) 

14 



---- 

---- 

Air 0.6 mL/min
Double 
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C. SERUM ALBUMIN 
1. Principle 

This automated method is a direct adaptation of the Technicon AutoAnalyzer II Bromcresol 
Green method’, which is based on the procedure of Doumas, Watson, and Biggs8. Bromcresol 
green dye binds selectively to albumin in human serum. The final dilution of the sample to BCG 
dye in pH 4.2 succinate buffer is 1:800. The albumin-BCG complex is measured at 630 nm. 

2. Instrumentation 
a. Technicon AutoAnalyzer II system with Albumin-BCG Manifold 

OR: 
(1) Sampler Models II, III, or IV, with 60/h 1:1 cam 
(2) Proportioning Pump III with air bar 
(3) Colorimeter with 630-nm filters and 15-mm I.D. flowcell 
(4) Flow-rated tubing 
(5) Bristol recorder 

(Technicon instruments Corp., Tarrytown, NY) 

b. Vortex mixer (Fisher Scientific Co., Fairlawn, NJ) 

3. Materials 
a. Brij-35, 30% solution (Pierce Chemical Co., Rockford, IL) 
b. Working Bromcresol Green solution (No. TO1 -0573, Technicon or CS-103-l M, Fisher Scienti

fic Co.) - ready-to-use reagent, made from BCG dye which is dissolved in dilute sodium hydro
xide, then mixed in 0.1 mol/L succinate buffer and adjusted to pH 4.2. 
OR: 

c. Bromcresol Green, ACS certified (Allied Chemical Co., Morristown, NJ) 



d. Succinic acid, reagent grade (Fisher Scientific Co.) 
e. Sodium hydroxide (NaOH), reagent grade (Fisher Scientific Co.) 
f. Sodium chloride (NaCI), reagent grade (Fisher Scientific Co.) 
g. “Pentex” Human Albumin solution, Fraction V, 99.5% purity, 10 g/dL (Research Products 

Division, Miles Laboratories, Inc., Elkhart, IN) 
h. Disposable 0.5-mL conical bottom AutoAnalyzer sample cups, HRI No. 8889-20149 (Lancer 

Division, Sherwood Medical Co., St. Louis, MO) 
j. Falcon No. 2027 13- X 100-mm disposable plastic screw-cap tubes (Becton-Dickinson Co., 

Oxnard, CA) 

4. Reagent Preparation 
(If commercially prepared BCG working solution is not used, prepare reagents 1-4.) 
a. 0.1 mol/L, pH 4.0 Succlnate Buffer 

Dissolve 23.8 g of succinic acid in about 1600 mL of distilled water. Adjust to pH 4.0 with 2 
mol/L NaOH and dilute to 2 L with water. (Prepare weekly; store at 4°C.) 

b. Stock BCG Solution 
Dissolve 419 mg BCG in 10 mL of 0.1 mol/L NaOH and dilute to 1 L with distilled water. 
(Prepare weekly; store at 4°C.) 

c. Working BCG Solution 
Mix 200 mL of stock BCG solution and 500 mL of succinate buffer. Add 4.0 mL of Brij-35, 
30% solution, and adjust to pH 4.2 using 2 mol/L NaOH. (Prepare daily; store at 4°C, bringing 
solution to room temperature prior to use.) 

d . 2 mol/L Sodium Hydroxide 
Add 80 g of NaOH pellets to 500 mL of distilled water in a l-liter volumetric flask. Mix tho-
roughly by stirring until pellets are dissolved. Dilute to 1 L with distilled water. (Stable at 25°C.) 

e. 0.1 mol/L Sodium Hydroxide 
Dissolve 4 g of NaOH pellets in 1 L of water, with stirring. (Stable at 25°C.) 

f. Brij-H20 Diluent 
Add 0.5 mL Brij-25, 30% solution to 2 L distilled H20 and mix thoroughly. (Do not exceed this 
concentration of Brij-35, or the binding of BCG to albumin may be affected.) 

g. 0.85 g/dL Sterile Saline (for standard preparation) 
Add 8.5 g of NaCl to 1 L of distilled water and mix well. Autoclave at 15 psi, 121°C, for 10 
min, or filter-sterilize using 0.22-µ filter. (Store at 4°C.) 

5. Standard Preparation 
Using 0.85 g/dL sterile saline, dilute 10.0 g/L Pentex human albumin solution for 1 day’s run, as 
follows: Make up all standard dilutions in disposable screw-capped plastic tubes, and mix tho-
roughly. (Store at 4°C during analysis, using aliquots as needed.) 

mL of 10 g/dL Stock mL 0.85 g/dL Saline Final Cont. g/dL 
1.0 4.0 2.0 
1.5 3.5 3.0 
2.0 3.0 4.0 
2.5 2.5 5.0 
3.5 1.5 7.0 

Note: The actual assayed concentration of albumin may vary from lot-to-lot of the Pentex stock; 
correct the final concentrations appropriately. 

6. Procedure 
a. Preparation of Serum Samples 

Mix freshly drawn or thawed serum samples thoroughly, using a Vortex mixer. Filter about 0.4 
mL of serum into the 0.5 mL sample cup, using a plastic filtration column to remove fibrin. To 
prevent the samples from evaporating, do not keep serum at room temperature for prolonged 
periods of time or leave sample trays uncovered. 

b. Operation 
Follow standard AutoAnalyzer operation protocol, as shown in Practical Automation for the 
Clinical Laboratory’. 



Assayall standards,three levelsof quality control materials,andserumspecimensin duplicate. 
Bracketevery40 specimenswith standardcurvesto correctfor “drift” in the system.Record 
absorbancevaluesof samples. 

c. Calculations 
Calculatethe albuminconcentrationof the serumspecimens,usingthe slopeandy-interceptof 
the standardcurve.Report resultsas gramsalbuminper deciliterof serum(g/dL). Verify by 
reassayany samplewith albumin concentrationlessthan 3.0 g/dL or greaterthan 5.5 g/dL. 

7. CDC Modifications 
The following modificationsto the original methodarenoted: (a)a 60/h 1:1 camwassubstituted 
on the TechniconSamplerIV for the 60/h 9:1 camspecifiedin the BCG-AlbuminAutoAnalyzerII 
methodology;and (b) all standardsare preparedfrom 99.5%purity humanalbumin,FractionV, 
andall quality control materialsarepreparedfrom humanserum. 

8. Flow Diagram 

toBCG-
AlbR/S 

SERUM ALBUMIN FLOW DIAGRAM 

SamplerwashBrij-H20 2.00mL/min 

Resampleairinjection Resample(R/S)air 0.32mL/min 

todebubbler 
pull-through Air 0.32mL/min 

I 
Brij-H20 2.00mL/min 

Sampleair 0.32mL/min 

ToWaste 

Calorimeter 

630nm 

Sample 0.10mL/min 

three20-turn 
coils 

BCGdye 2.00mL/min 
SamplerIV 

60/h1:1cam 
BCG-Albresample(R/S) 0.10mL/min 

Debubblerpull-through 0.42mL/min 

Calorimeterpull-through 1.6mL/min 

D. SERUM VITAMIN C 
7. Principle

The vitaminC methodisa modificationof theascorbicacidmethodologyof Roe10 andKuether11, 
and measurestotal vitamin C. Serumis diluted 1:5 (v/v) with meta-phosphoricacid to preserve
ascorbicacidand to precipitateproteins.Ascorbicacid isconvertedto dehyroascorbicacidin the 
presenceof thiourea and copper sulfate.Dehydroascorbicacid coupleswith 2, 4-dinitrophenyl-
hydrazinein 9.0 mol/L sulfuric acid to form a bis-2,4-dinitrophenylhydrazinederivative.When 
treatedwith 65% (v/v) sulfuric acid, this derivativeyields a stablebrownish-redcolor, which is 
measuredwith a spectrophotometerat 520 nm. 
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2. Instrumentation 
a. MicromedicMS-2spectrophotometer 

(MicromedicSystems,Divisionof RohmandHaas,Horsham,PA), or: double-beamspectro
photometerfor manualabsorbancerecordings 

b. Vortex mixer 
(FisherScientific,Fairlawn,NJ) 

c. Waterbath,circulating
(BlueM ElectricCo.,BlueIsland,IL) 

d. SorvallGLC-1centrifuge 
(DuPontSorvallInstruments,Newtown,CT) 

e. SMIMicropettors,sizesG andH 
(ScientificManufacturingIndustries,Emeryville,CA) 

f. Repipetdispensingbottles, 1.0-and 10.0-mLdispensingsizes 
(Lablndustries,Berkeley,CA) 

3. Materials 
a. m-Phosphoricacid,glacial,ACSgrade 

(MallinckrodtCo.,St. Louis,MO) 
b. Sulfuricacid(H2SO4),concentrated,ACSreagentgrade(9598%assayH2SO4)

(FisherScientificCo.) 
c. 2,4-Dinitrophenylhydrazine,with 10-20%H20 

(SigmaChemicalCo.,St. Louis,MO) 
d. Thiourea(Thiocarbamide),crystal,ACScertified 

(FisherScientificCo.) 
e. Cupricsulfate(pentahydrate),crystal,“Baker-Analyzed” 

(J.T. Baker,Phillipsburg,NJ) 
f. L-(+)-Ascorbicacid,> 99.5%purity, “Baker-Analyzed” 

(J.T. Baker) 

4. Reagent Preparation 
a. 6 g/dL Meta-PhosphoricAcid (MPA)

Dissolve60 g of m-phosphoricacid(a mixtureof m-phosphoricacidandsodiummetaphosphate 
crystals)in 400 mL of deionizedwater. Mix well, anddilute to a final volumeof 1 L. (Prepare 
asneeded,storeat 4°C.) 

b. 4.5 mol/L SulfuricAcid 
Wearingsafetyglassesor a faceshield,carefullyadd 250 mL of concentratedsulfuricacid(18 
mol/L) to 750 mL of deionizedwater.Mix well. (Prepareasneeded.) 

c. 65%(v/v)SulfuricAcid 
With caution (andwhile wearinga faceshield,and mixingflask in an ice bath), add1300mL 
concentratedH2SO4to 700 mL deionizedwater. (Coolmixturecompletelyandstorein 10-mL 
dispensingRepipetbottle at 4°C.) 

d. 2.2g/dL 2,4-Dinitrophenylhydrazine(DNP) 
Dissolve4.84 g of 2,4-DNPin 220 mL 4.5 mol/L sulfuricacid.Mix solutionwell, filter, and 
measure200 mL to usein preparingDTCreagent.(Prepareweekly,storeat 4°C.) 

e. 5 g/dL Thiourea 
Dissolve5 g of thioureain 20 mL of deionizedwater in a 100-mLvolumetricflask.Mix well, 
anddilute to volume.(Preparemonthly,storeat 4°C.) 

f.1 g/dL CopperSulfateSolution 
Dissolve1.56 g of cupric sulfate(CuSO4 •5 H20) in 20 mL of deionizedwater in a 100-mL 
volumetricflask.Mix. anddilute to volume.(Preparemonthly.) 

g. Dinitrophenylhydrazie-Thiourea-CopperSulfateReagent(DTC)
Combine10 mL of 5 g/dL thioureasolution,10 mL of 1 g/dL coppersulfatesolution,and200 
mL of 2.2 g/dL DNPreagent.Mix well, and storeat 4°C in 10-mLdispensingRepipetbottle. 
100 mL of DTCissufficientfor 120 samples.(Prepareweekly.) 

5. Standard Preparation 
a. 700mg/dL (w/v) AscorbicAcid StockStandard 

Dissolve100 mgof L-(+)-ascorbicacid in 30 mL of 6 g/dL MPAin a 100-mLvolumetricflask. 
Mix anddilute to volume.(Preparemonthly,storeat 4°C.) 
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b. 2.5 mg/dLAscorbicAcid IntermediateStandard 
Pipet5 mL of stock standardinto a 200-mLvolumetricflaskanddilute to volumewith 6 g/dL 
MPA.(Prepareweekly,storeat 4°C.) 

c. WorkingAscorbicAcid Standards 
In a seriesof 50-mL volumetricflasks,preparedilutions from the intermediatestandardas 
shownbelow.The actualconcentrationvaluesof the standardsrepresentthe rangeof ascorbic 
acid levelsin the serumsamplesafter beingdiluted 1:5 with 6 g/dL MPA.Sincethe standard 
solutionsare subjectedto the sameprocedureafter the originaldeproteinizationasthe serum 
samples,the assignedconcentrationvalues(actualconcentrationX 5 dilution factor) represent 
the concentrationof vitaminC in mg/dLof serum.(Preparedaily.) 

mL IntermediateStd. 
1.0 
2.0 
3.0 
4.0 
6.0 
8.0 

10.0 
12.0 
15.0 
20.0 

ActualConc.,mg/dL Assigned Conc. 
StandardSolution mg/dL Serum 

0.05 0.25 
0.10 0.50 
0.15 0.75 
0.20 1.00 
0.30 1.50 
0.40 2.00 
0.50 2.50 
0.60 3.00 
0.75 3.75 
1.00 5.00 

6. Procedure 
a. SamplePreparation

Add 0.75 mL of freshserumto 3.0 mLof 6 g/dL MPAin a disposableplastictube,capthe tube, 
and mix thoroughly (vortex).This stepstabilizesthe ascorbicacid. If the samplesarenot ana
lyzedthe day they areprepared,the serum-MPAmixturecanbe storedat -2O°Cto -7O°Cfor up 
to 3 months. 
Note: DuringHANESII, the samplepreparationstepwasperformedin the field collectionvans. 

b. Preparationof QualityControlMaterials 
Preparequality control poolsin the samemannerasspecimensfrom freshsterile-filteredhuman 
serum.Dispense1.0 mL of seruminto amberglassvials,then add4.0 mL of 6 g/dL MPA.Cap 
vialsandvortexcontentsthoroughly.Storevialsat -7O°C;use1 vial perday. 

c. Analysis
(1)Setcirculatingwaterbathat 27°Candallow temperatureto equilibrate. 
(2)Bring working standards,reagents,and frozenextractsof specimensand controlsto room 

temperatureon dayof analysis. 
(3)Centrifugespecimensandcontrolsat 2500 rpmfor 20 min. 
(4)ln duplicate, pipet 800 uL of the supernatantfrom the specimensor controls,800 uL of 

eachworking standarddilution, and 800 uL of the 6 g/dL MPAfor useasa blank,into 13-
X 100-mmplasticscrew-cappedtubes,usinga sizeG SMi Micropettor. 

(5)Add 0.27 mL of DTC reagentfrom the 1.0-mLRepipetdispenserto eachtube.Captubes, 
mix contentsthoroughly(vortex)andincubatein the 27°Cbath for 20 h. 

(6)Removethe tubesfrom the water bath, and chill in an icebath for about 10 min.Wearing 
safetyglasses,add 1.3 mL of cold 65%sulfuricacidto eachtube. Capand mix tubestho
roughly(vortex). 

(7)Allow tubesto standat room temperaturefor 30-45minbeforemeasuringtheir absorbance 
levels.The yellow-orangecolorwhich developsisstablefor severalhours. 

(8)lf usinga double-beamspectrophotometer,measureabsorbanceof eachtubeat 520 nm in a 
l-cm squarecuvette,using6 g/dL MPAasa blanksolution. 
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(9)lf usingthe MicromedicMS-2Spectrophotometer,setwavelengthat 520 nm aspiraterea
gent blank into the “test” and “blank” cuvettes,andzerothe display,usingthe absorbance 
mode.Setthe pressuregaugeat “6” and the timerat “4.” Readthe standards,in ascending
order,followedby controls,then specimens. 

d. Calculations 
Calculatethe vitaminC concentrationsof the serumspecimens,usingthe slopeandy-intercept
of the absorbancesof the standardcurve.ReportvitaminC concentrationasmilligramsascorbic 
acid perdeciliterof serum(mg/dL).Verify by reassayany resultswhich arelessthan0.3 mg/dL 
or greaterthan 3.5 mg/dL. 

7. CDC Modifications 
The following modificationsto the original method are basedon optimization studiesper

formedat CDC: (a) the concentrationof sulfuricacid wasreducedfrom 85%to 65%,(b) the in
cubation temperaturewas decreasedfrom 37°Cto 27°C, and (c) the time of incubationwas in
creasedfrom 4 h to 20 h (overnight). 

E. SERUM ZINC AND COPPER 
1. Principle

Serumzinc andcopperaremeasuredby atomicabsorptionspectroscopyby usinga CDCoptimized 
methodbasedon proceduresfrom InstrumentationLaboratory,Inc.,12andPerkin-ElmerCorp.’ 13 
Quantitationis basedon the measurementof light absorbedat 213.9and 324.7nm,respectively, 
by ground-stateatomsof zinc and copperfrom hollow-cathodelamplight sources.Serumspeci
mens,standards,and quality control samplesare diluted 1:10 with 6% (v/v) n-butanolin 0.05 
N HCI. The diluted samplesareaspirateddirectly into a flame,and the concentrationof zinc or 
copperis measuredby thePerkin-ElmerModel306or 4000atomicabsorptionspectrophotometer, 
which is calibratedwith zeroand 150 ug/dL standardsto readdirectly in concentrationunits.All 
lots of materialsusedfor collectingand processingsampleshavebeenscreenedfor zincandcopper 
contamination,andall processingwork isperformedunderlaminarflow hoods. 

2. Instrumentation 
a. Perkin-ElmerAtomic AbsorptionSpectrophotometer(Perkin-ElmerCorp.,Norwalk,CT) 

Parameter Model306 Setting Model4000 Setting 
Burner Single-slot Same 
Lampcurrent 15 mA Same 
Zincwavelength 213.9nm Same 
Copperwavelength 324.7nm Same 
Air pressure 40 psi Same 
Acetylenepressure 10 psi 15 psi 
Aspirationtime 6 sec 20 sec 
Integrationtime 2 sec(1 avg.) 5 sec(1 avg.)
Operatingmode Concentration Same 

b. Perkin-ElmerModel56 recorder 
Range 10mV 
Chartspeed 10 mm/min 

(Perkin-ElmerCorp.) 
c. MicromedicModel25000AutomaticPipette,with 1.0-mLsamplingand5.0-mLdiluting pumps

(glass-piston)(MicromedicSystems,Divisionof RohmandHaas,Horsham,PA) 
d. Agnew-HigginsLaminar-FlowWork Bench,with highefficiencyparticleair (HEPA)filters to 

giveclass-100air conditions(Agnew-Higgins,Inc.,GardenGrove,CA) 
e. Alcar ultrasonicbath (Alcar Industries,Inc.,Belleville,NJ) 

3. Materials 
a. Zinc/copperpellets,99.999%pure

(ResearchOrganic-InorganicChemicalCompany,GardenCity, NJ) 
b. “Ultrex” concentratedhydrochloric (HCI) and nitric (HN03) acids(J.T. BakerCo., Phillips-

burg,NJ) 
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c. TritonR X-100 alkarylpolyetheralcohol(RohmandHaas,Horsham,PA) 
d. FalconNo. 2057 disposableculturetubes,17-X 100-mm(BectonDickinsonCo.,Cockeysville, 

MD) 
e. N-butanol,ACScertified(FisherScientificCo., Fairlawn,NJ) 
f. Deionizedwater,> 1.0 megaOhm-cmat 25°C (ContinentalWaterCo.,Atlanta,GA) 
g. Acetylene,purified (MathesonGasCo.,EastRutherford,NJ) 
h. Compressedair, medicalgrade(Air ProductsCo.,Atlanta,GA) 

4. Reagent Preparation 
(All nondisposableglasswareis washedin 10% (v/v) HN03 and rinsed6 timeswith deionized 
water.) 
a. 0.1 mol/L HydrochloricAcid (HCl)

Dilute 35 mL of Ultrex HCI to 4 L with deionizedwater,andmix well. 
b. 0.05mol/L HydrochloricAcid 

Dilute 17.6mL of Ultrex HCI to 4 L with deionizedwater,andmix well. 
c. 6%(v/v)n-Butanolin 0.05mol/L HCI 

Dilute 60 mL of n-butanolto 1 L with 0.05 mol/L HCI, andmix well. 

5. Standard Preparation 
a. 1.0mg/mLStockStandards 

(1)Copper
Weigh 1.00gof copper shot and dissolvein 5 mL of Ultrex concentratednitric acid. 
Dilute to 1 L with deionizedwaterandmix well.(Stableindefinitelyat25°Cin polyethylene 
bottles.) 

(2)Zinc
Weigh 1.00g of zinc shot and dissolvein 5 mL of Ultrex concentratednitric acid.Dilute 
to 1 L with deionizedwater and mix well. (Stableindefinitely at 25°C in polyethylene 
bottles.) 

b. 50 ug/mL IntermediateStandard 
Pipet 10 mL eachof the copperand zinc stock standardsinto a single200-mL volumetric 
flask and dilute to volumewith 0.1 mol/L HCI. Preparethis standardeachtime newworking
standardsare to be made.(Freshlypreparedintermediatestockstandarddiluted 1:10 with 6% 
n-butanolshouldbe within ± 1%of the absorbancelevelof the old intermediatestandardfor 
both zinc and copper,analyzedin triplicate. If this criterion is not satisfied,preparea new 
intermediatestock and repeatprocedure.If the criteria for either zinc or copperare still not 
met,preparenewstocksolutionand repeatentireprocedure.) 

c. CombinedLinearity-CheckStandards 
Preparein 200-mL volumetricflask by addingthe requiredamountof intermediatestandard 
anddiluting to the markwith 0.1 mol/L HCI, asfollows: 

mL Intermediate 
Stock 

2.0 
4.0 
6.0 
8.0 

10.0 
12.0 

(Prepareevery6 months,storeat 25°C.) 

Concentrationsug/dL
Zincand Copper 

50 
100 
150 
200 
250 
300 

Note: Enter the absorbancesof freshly preparedworking standards,readin triplicate versus 
the absorbancesof the old working standards,into a linearregressioncalculationprogram.The 
slopeshouldbe 1.0 ± 0.01, and the correlation coefficient> .999for the newstandardsto be 
accepted.If thesecriteriaare not met becauseone or moreof the newstandardsappearto be 
improperly prepared,redilute the suspectedworking standardand repeat’this verification 
procedure.Once, thenewworking standardshavemet the abovecriteria,their adequacyis re
confirmedeachanalyticalday by performinga linearity check in concentrationmode.(See 
Section6.b. - “Operation.“) 
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d. 5.0 ug/dL Copper/0.5ug/dL ZincAbsorbance-CheckStandard 
Pipet5 mL of copperstockstandardand0.5 mL of zincstockstandardinto a I-liter volumetric 
flask,anddilute to volumewith 0.1 mol/L HCI. 

6. Procedure 
a. SamplePreparation

Prepareduplicate 1:10 dilutions of working standards,quality control materials,and serum 
specimenswith 6% n-butanol in 0.05 mol/L of HCI. Usinga MicromedicAutomatic Pipette, 
dilute 0.35 mL of the serumsamplewith 3.15 mL diluent, and repeatto give7.0 mL total 
volume.Dispensedilutions into 17-X 100-mmplastictubes,capthe tubes,and mix contents 
by inversion.For the linearity-checkstandardsand controls, makefour completedilutions 
into eachtube to haveadequatevolume,yieldinga total volumeof 14.0mL pertube. Prepare 
severalzerostandardtubescontainingdiluentonly. 

7. 

b. Operation
Follow Perkin-Elmerstandardoperatingprocedurefor the 306or 4000atomicabsorptionspec-
trophotometers.(For optimum performance,the instrumentparametersmustbe carefullyad
justed for eachelement.Lampand burner alignment,fuel flow, nebulization,and wavelength 
peakingare very critical.) To check nebulizeroptimization, aspiratean aliquot of the absor
bancecheckstandards.Absorbancereadingsshouldbe 0.250 to 0.300 for copperor 0.100to 
0.150 for zinc; otherwise,the nebulizermustbe repeaked.After peakingthe instrumenton the 
proper wavelengthfor either zinc or copper, switchto concentrationmode,autozerowith a 
zero standardsolutionand setthe scaleexpansionto read“150” with the 150ug/dL standard. 
Performa linearity check by analyzingeachstandardand control in duplicate.To determine 
acceptabilityof instrumentconditions,enter the actualconcentrationsof the standardsversus 
the expandedscalereadoutconcentrationsinto a linear regressionprogram.The correlation 
coefficient shouldbe > .999; the slope,1.0 ± 0.01; and the quality control valuesshouldbe 
within their respective95%confidencelimits.Analyzethe 150-ug/dLstandardafter every10th 
sample.Three levelsof quality control materialsare includedand analyzedwith every20 
samples.Analyze zinc on all samplesfirst, sincezinc contaminationis mosteasilyincurred, 
then changelampsand parametersandanalyzefor copper.Reportresultsasmicrogramsof zinc 
or copperper deciliterof serum(ug/dL), Verify by redilutionandreassayanyzinc results<60 
ug/dL or >120 ug/dL andany copperresults<70 ug/dL and> 180ug/dL. 

CDC Modifications 
The following modificationsto the standardmethodarebasedon CDCoptimizationexperiments: 
(a) HCl diluent concentrationis changedfrom 0.1 to 0.05 mol/L; (b) for the Model4000AAS, 
0.25 mL Triton X-100 is addedper L of diluentto enhancenebulization;(c) dilution of sampleis 
1:10 rather than 1:4 to reduceprotein cloggingof the nebulizerand burner; and (d) a single-slot 
ratherthan triple-slotburnerisused. 

F. SERUM VITAMIN A 
1. Principle

Serumvitamin A is quantitatedby a modificationof Roels’and Trout’s14 adaptationof the 
methodof Neeldand Pearson.15 Serumis mixedwith ethanolicpotassiumhydroxideto precipi
tate the proteinsand saponifythe retinyl esters.Retinol and carotenoidsarethen extractedin 
n-hexaneandmeasuredspectrophotometricallyat 450 nmfor quantitationof ß-carotene.Thenthe 
solventof the extract is evaporatedand the residueis dissolvedin chloroform.Trifluoroacetic 
acid is addedto this solutionand the intensityof the resultingtransientbluecolor ismeasuredat 
620 nm.Correctionismadefor the contribution of caroteneat 620 nm. 

2. lnstrumentation 
a. Perkin-ElmerModel44 spectrophotometer 

(Perkin-ElmerCorp.,Norwalk,CT) 
b. Beckman10 in chartrecorder 

(BeckmanInstrumentsCompany,Fullerton,CA) 
c. Vortex mixer 

(FisherScientificCompany,Fairlawn,NJ) 
d. MicromedicModel 25000 Automatic Pipette, with 1.0-mL samplingand 5.0 mL dispensing 

pumps
(MicromedicSystems, Divisionof RohmandHaas,Horsham,PA) 

e. Heatingbath,50°C 
(PrecisionScientificCo.; Chicago,IL) 
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f. SMIMicropettor,sizeG 
(ScientificManufacturingIndustries,Emeryville,CA) 

g. SorvallGLC-1centrifuge 
(DuPontSorvallInstruments,Newton,CT) 

3. Materials 
a. Hexane,spectrophotometricquality

(MathesonColemanBell,Norwood,OH) 
b. Chloroform,spectrophotometricquality 

(Mallinckrodt,Inc.,St. Louis,MO) 
c. Ethanol,dehydrated,U.S.P. 

(PublickerIndustries,Linfield, PA) 
d. Potassiumhydroxide(KOH)pellets,ACScertified 

(FisherScientificCo.) 
e. Trifluoroaceticacid(TFA), ACScertified 

(J.T. BakerCo.,Phillipsburg,NJ) 
f. Vitamin A, U.S.P.ReferenceStandard.Each capsulecontainsapproximately250 mg of a 

solution in cottonseedoil to contain in eachgm33.4mgof all-transretinyl acetate,equivalent 
to 29.1 mgof retinol (VitaminA) 
(U.S.PharmacopeialConvention,Inc., Rockville,MD) 

g. &Carotene(all-trans)
SigmaChemicalCo.,St. Louis,MO)
(Productshouldhavea molarabsorptivity(e) of 2518 at 451 nm in n-hexane,with A-maxima 
at 451and479 nm,andX-minimumat 468 nm.) 

h. Nitrogengas,highpurity, 99.99% 
(MathesonGasCo., EastRutherford,NJ) 

i. Corning disposableglassculture tubes, IO- X 75-mm, lot-testedfor absorbancevariancein 
performanceascuvets(CorningGlassWorks,Corning,NY) 

j. Repipetdispensingbottle, 2.0-mLdelivery
(Lablndustries,Berkeley,CA) 

4. Reagent Preparation 
a. 1.0mol/L EthanolicPotassiumHydroxide

Dissolve5.6 g KOH in 10 mL distilled water; then dilute to 100 mL with absoluteethanol. 
Preparethis solution eachtime assayis performedfor samplepreparation.For working stan
dard preparation(weekly)aswell, increaseKOH to 28 g dissolvedin 50 mL of distilled water 
anddilute to 500 mL with absoluteethanol. 

5. Standard Preparation 
a. 3750ug/dL StockRetinolStandard 

Weigh129 mg U.S.P.Vitamin A referencestandardin a glassmicro-weighingboat. (129 mg 
U.S.P.standardX 2.91%retinol equivalenceis equalto 3754ug retinol.) Dissolvethe oil with 
ethanol,then transferthe mixture to a 100-mL volumetricflask,and dilute to volumewith 
ethanol.(Preparemonthly;storeat -2O°C.) 

b. 750ug/dL IntermediateStandard 
Dilute 10 mL of 3750 ug/dL stock standardto volumewith ethanol in a 50-mL volumetric 
flask.(Prepareweekly.) 

c. WorkingVitamlnA Standards 
Dilute 750 ug/dL intermediatestandardwith 1.0 mol/L ethanolicKOH in 50-mL volumetric 
flasks,asfollows: 

mL 750ug/dL
Standard FinalVolume,mL 

1 50 
2 50 
3 50 
4 50 
5 50 

(Prepareweekly;storeat -2O°C.) 

FinalConcentration 
ug/dL 

15 
30 
45 
60 
75 
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d. ß-CaroteneStandards 
Prepareall carotenestandardseachtime of assay;they arenot stable.Storeany unusedcrystal
lineP-carotenein anevacuatedcontainerundernitrogenat -20°C. 
500 ug/mLStockP-CaroteneStandard 
Dissolve50 mg of crystalline&carotenein 100 mL of chloroformin a volumetricflask.Mix 
well. 

e. 5000ug/dL IntermediateStandard 
Dilute 5.0 mL stockstandardto volumewith hexanein a 50-mLvolumetricflask. 

f. Workingß-CaroteneStandards 
Dilute the 5000 ug/dL intermediatestandardwith hexanein 100-mL volumetricflasks,as 
follows: 

mL 5000-ug/dl
Inter. Std. 

0 
1 
2 
3 
4 
5 

Final 
Volume,mL 

100 
100 
100 
100 
100 
100 

FinalConc. 
ug/dL 

0 
50 
100 
150 
200 
250 

6. Procedure 
Analyze serumspecimens,‘quality control pools, and standardsin duplicate. The standardswill 
beassayedby additionto a low vitaminA serumbasepool. 
a. SampleExtraction 

(1)Pipet 1.0mL of the serumspecimenor quality control pool, in duplicate,into 5-mLglass-
stopperedcentrifugetubes.Pipet 1.0mL of eachworking standardconcentration,in dupli
cate, into similartubescontaining1.0 mL of a low vitaminA levelserumpool,andvortex 
eachtube thoroughly. Prepare“processed”blankswith 1.0 mL of distilledwaterassample. 

(2)Add 1.0 mL of 1.0 mol/L ethanolicpotassiumhydroxideto all tubesexceptthe standards. 
Stoppertubes,andmix contentsof tubesthoroughly. 

(3)Placeall tubesin a 50°Cwaterbathfor 10 min. 
(4)Cooltubesto 20-25°C.Add 2.0 mL n-hexaneto eachtube,takingcareto restopperquickly. 
(5)Centrifugetubesat 1500-2000rpm for 2 min. 

b. &CaroteneMeasurement 
Remove1.6 mL of the hexanelayerof eachtube with a long-tipgraduatedpipet,transferit to 
a 10-X 75-mmglasstube previouslypurgedwith nitrogen,and sealwith a cork stopper.Mea
surethe absorbanceof p-caroteneof eachsampleat 450 nm versusa hexaneblank, usinga 
spectrophotometer. 

c. VitaminA Measurement 
(l)After completingcaroteneassessment,evaporatecontents of eachtube to drynesswith 

nitrogenat 25°C. (Thiswasaccomplishedby usinga speciallydesignedmanifoldwith out-
let ports for 20 samples,attachedto a tank of nitrogen.)Add 0.9 mL of chloroformto the 
residuein eachtube,andmix contentswell. 

(2)Usingthe MicromedicAutomatic Pipette,dispense0.1 mL trifluoroaceticacid (TFA) to a 
tube containing0.9 mL chloroformonly. Vortex thoroughlyandusethis tube asa blankto 
zero the spectrophotometerat 620 nm. Dispense0.1 mL of TFA to a “processed”blankand 
measureits absorbance.If absorbanceof this reagentblank is greaterthan 0.005A, check 
reagentsfor contaminationand repeatanalysis.If the absorbanceis satisfactory,zero the 
instrumentwith the reagentblank and continueby processingone tube at a time.Add 0.1 
mL of TFA to the first standardtube,vortex,andreadabsorbanceat 620 nmapproximately 
8-10 seconds(the “pause” point) after theTFA hasbeenadded.Thenproceedwith the rest 
of the standards,quality control pools,andserumspecimens. 

d. Calculations 
(1)Determinethe slopeof the vitaminA standards(0 ug/dL isthe “processed”blank)asadded 

to theserumbasepool,with x asconcentrationin ug/dL andy asabsorbance,usinglinearre
gression. 
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(2)Determinethe vitaminA concentrationof a serumspecimen: 

in ug/dL 
where: 
a = y-intercept,or the absorbanceof the basepool at 620 nm 
b = slopeof the standardcurve 
Fß= the P-carotenecorrectionfactor, the ratio of the contributionof P-caroteneat 620 and 
and450 nm,experimentallydeterminedin our laboratoryto be0.16. 
Resultsarereportedasmicrogramsof vitaminA perdeciliterof serum(ug/dL). 
Note: Determinethe P-carotenecorrectionfactor in the following manner:add 1.0 mL of 
the serumbasepool and 1.0 mL of ethanolicKOH to eachof twelve5-mLglasscentrifuge 
tubes.Analyzethe contentsof the tubesasin Section6, substituting2.0 mL of eachß-caro
tene standard(0, 50, 100,150, 200,250) to a tube (in duplicate)for the hexaneaddition in 
Step 6.b. Recordthe absorbancesof eachstandardat 450 and 620 nm and calculatethe 
slopesof the standardcurvesat eachwavelength. 
Then: Fß= slopeAbs620/ slopeAbs450 

7. CDC Modifications 
The following modificationsin the methodof RoelsandTrout weremade:(a)The saponification 
step was changedfrom 30 min at 60°C to 10 min at 50°C. (b) Evaporationtemperaturewas 
changedfrom 60°Cto 25°C.(c) Onedrop of aceticanhydridewasnot addedto eachtube contain
ing chloroform. (d) Readingsat 620 nm after TFA wasaddedwere madeat 8-10 secinsteadof 
30 sec.(e) Standardcurveswere run by methodof additionsto a serumpool. (f) All volumesin 
the procedurewerescaled-upby a factor of 2. 

G. SERUM AND RED CELL FOLATE (Radioassay) 
1. Principle

Serum and red cell folic acid are measuredby usingthe Bio-RadLaboratories“Quanta-Count 
Folate” radioassaykit’ 16,which isbasedon assaysdescribedby Dunn17andWaxman18. 
Serum(or whole blood diluted 1:5 with 1.0 g/dL ascorbicacid) is mixedwith a pH 9.4 borate
dithiothreitol buffer and radioactivelylabeledfolate (125I-pteroylglutamicacid)derivative.After 
the serumisheated,folate-bindingprotein is inactivatedwhile the folate isstabilizedby the buffer. 
A binding material,folate-binding milk protein (lactalbumin),is addedto the mixture of 125I-
labeledand unlabeled(serum)folate in a quantity sufficient to bind some,but not all, of the 
folate present.During incubation,the labeledand unlabeledfolatescompetefor the bindingsites 
availableon the folate-bindingprotein on the basisof their concentrations.The higherthe folate 
concentrationin the serum,the moreunlabeledfolate it contains,andthereforeless125l-labeled 
folate will bind to the bindingprotein.The boundandfree(unbound)folateis separatedafter in
cubationby usingdextran-coatedcharcoal.The levelof 125l-labeledfolate is measuredby using 
an LKB RackgammaII gammacounter.The higherthe levelof radioactivity,the more 125I-folate 
hasbeenboundandthe lessunlabeledfolateoriginallypresentin the serum(or whole blood). 

2. lnstrumentation 
a. LKB RackgammaII GammaSpectrometer 

(LKB InstrumentsCo., Rockville,MD) 
b. IECCentra-7centrifuge

(InternationalEquipmentCo.,NeedhamHeights,MA) 
c. Vortex mixer 

(FisherScientificCo.,Fairlawn,NJ) 
d. ThelcoModel84 waterbath 

(PrecisionScientificCo.,Chicago,IL) 
e. SMIMicropettors,sizesE-l, and RepettorII adaptor

(ScientificManufacturingIndustries,Emeryville,CA) 
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3. Materials 
a. Bio-RadLaboratories“Quanta-CountFolate” folateradioassaykit, 200-tubesize 

(Bio-RadLaboratories,Richmond,CA) 
b. Redcellfolatereagentpack(lyophilizedfolate-freeproteinbaseandpreservative) 

(Bio-RadLaboratories) 
c. Ascorbicacid,crystallized,U.S.P. 

(J.T. Baker,Phillipsburg,NJ) 
d. FalconNo. 2063 12-X 75mm disposablepolypropylenetubes 

(Becton-DickinsonCo.,Oxnard,CA) 

4. Reagent Preparation 
a. Reconstitutethe followingreagentsasdirectedin the Quanta-CountFolateInstructionManual: 

(1)FolateBindingProteinStock Solution - Add 10.0 mL of distilledwater.(Storeat -2O°Cif 
not completelyusedon dayof analysis.) 

(2)Dithiothreitol(DTT) - Add 4 mL of boratebuffer. 
(3)Folate(PGA)125 /DerivativeStock TruceSolution- Add 1.3 mL of distilledwater. (Store 

at 2-8°C.Lessthan 10uCiactivity as 125 I-PGA.) 
(4)RedCell FolateDiluent - Add 5.0 mL of distilledwater.(Storeat -2O°Cif not completely 

usedon dayof analysis.) 
b. Usingthesestocksolutions,preparethe followingreagents: 

(1)FolateBindingProtein WorkingSolution 
Dilute 1 part of stock solutionwith 4 partsof distilledwater. 1.0 mL of working solution 
will berequiredfor eachspecimenor standardassayed. 

(2)Dithiothreitol-BorateBuffer,pH 9.4 
Add the remainderof the boratebuffer to the DTT andmix. (Storeat 2-8°C.) 

(3)WorkingTracerSolution 
Dilute the 125I-PGAstock tracer solution 1:100 with DTT-buffer;that is, for everytube 
analyzed,dilute 10 uL of tracerto 1 mL with buffer. (Eachstandard,control,andspecimen 
requirestwo tubes;two blanktubes,andonetotal countstubearealsorequired.) 

5. Standard Preparation 
Reconstituteeachof the serum-basedPGAstandards(1.0, 2.5, 5.0, 10.0,and 20.0 ng/mL) with 
1.0 mL of distilledwater.Reconstitutethe “P-Zero” standardwith 2.0 mL water. (If all of the kit 
isnot to beusedin oneday,storealiquotsof the standardsat -2O°C.) 

6. Procedure 
a. SamplePreparation

Performthe analysisfor serumas describedin the Quanta-CountFolateInstruction Manual. 
For whole blood analysis,upon collection,dilute 500 uL of whole blood with 2.0 mL of 1.0 
g/dL ascorbicacid and freezespecimen.Beforeassaying,thaw the hemolysate,mix well, and 
dilute 500 uL of hemolysatewith 600 uL of 1.0 g/dL ascorbicacid to givea 1:11 dilution of 
the whole blood. Then dilute 100 uL of this solution with 100uL of the Red Cell Protein 
Diluent to givea final dilution of 1:22. Use100uL of the final solutionto performthe assay. 
Note: in HanesII, the 1:5 hemolysatedilution waspreparedin the field. 

b. Analysis
(1)Labeltwo 12-X 75-mmreactiontubesfor the blank, two for eachstandard,includingthe 

P-Zero,andtwo for eachserumor redcell specimen. 
(2)To the blank tubes,add 100uL P-Zerostandard.To the standardtubes,add 100 uLof the 

appropriatestandard- P-Zero,P-1.0,P-2.5,P-5.0,P-10.0,and P-20.0.Add 100uL of each 
patientsampleto the appropriatetubes. 

(3)To all tubes,add 1.0 mL of working tracersolution (preparedimmediatelybefore the as
say).Mix all tubesgently. 

(4)Preparea total counts tube by adding1.0 mL of working tracer solution. Set asideuntil 
tubesareto be placedin the counter. 

(5)Placethe tube rack containingall of the tubesin a boilingwaterbathfor 15 min.Captubes 
loosely.Cool to room temperatureby placingrackin a coldwaterbath. 

(6)Add 1.0 mL of distilledwater to the blank.Add 1.0 mL of folatebindingproteinworking 
solutionto all other tubes.Mix all tubeswell. 

(7)lncubatetubesat roomtemperaturefor 30 min. 
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(8)After incubation,addone charcoaladsorbenttabletto eachtube andallowtube to standfor 
5 min.Vortex eachtubefor 10 sec,andallowto standfor 5 min. 

(9)Centrifugeall tubesfor 10 min at 2000-3000rpmto packthe adsorbent. 
(10)Decantthe supernatantsinto appropriatelylabeledcountingvials. 
(ll)Count eachsupernatantandthe total countstube in the LKB RackgammaII. 

c. Calculations 
The LKB RackgammaII possessesfull data-reductioncapabilities.Method 4 (logit B/B0 vs. 
log10 concentration)is used,wherelogit (B/Bo)=In ((B/Bo)/ (1-B/Bo)),B = correctedcounts/
min for eachtube, and Bo = nonspecificbinding in the 0 standard.This methodresultsin a 
linearizedstandardcurvewith an inverserelationshipof levelsof radioactivityto concentra
tion of folate (as pteroylglutamicacid). Serumresultsareexpressedas nanogramsfolate per 
milliliterof serum(ng/mL).Redcell folatevaluesaremultipliedby 22, the dilution factor of the 
whole blood. The serumfolate level multiplied by (1.0-hematocrit) is subtractedand the 
resultingvalueisdividedby the hematocritto giveng/mLred cellfolate: 
RBCfolate = wholeblood folate- serumfolate (1-hematocrit/100) 

hematocritX 100 
7. CDC Modifications 

The following modificationsarenotedto the Bio-RadInstructionManual:(a)becausethe HANES 
specimensare collectedin the field and shippedfrozen, the1:22 wholeblooddilution isprepared 
from a 1:5 hemolysateratherthan directly, (b) 1.0g/dL ascorbicacidratherthan0.4 g/dL isused 
as the diluent; and (c) whole blood with diluent is not incubated,sincea freeze-thawcycleac
complishesmaximumredcellconjugase-activatingeffect,asdescribedby Mortensen19. 

H. SERUM VITAMIN B12 
7. Principle

Serumvitamin B12 (cobalamin)is analyzedby usingthe Bio-RadLaboratories“Quanta-Count 
B-12” radioassaykit20, which is basedon the principles of saturationanalysisdescribedby 
Ekins21and a radioassaydescribedby Lau et al22 Vitamin B12 is bound to a serumprotein, 
transcobalamin,and must be releasedby treatmentwith acid and heat. Radioactivelylabeled 
(57Co) Vitamin B12 is added,aswell asa binding protein, porcineintrinsicfactor, in quantities 
such that some,but not all, of the vitamin presentwill be bound by the intrinsicfactor. Endo
genous(serum) B12 then competeswith the radioactivelylabeledB12 for binding sitesavail
ableon the intrinsicfactor molecule.After the mixture hasbeenincubatedto allow binding,the 
unboundserumor radioactiveB12 isremovedby absorption,andtotal radioactivityof the bound 
B12 is measuredwith an LKB RackgammaII gammacounter.The levelof radioactivityof bound 
B12will be inverselyproportionalto the levelof B12originallypresentin the serum. 

2. Instrumentation 
a. LKB RackgammaII GammaSpectrometer 

(LKB Instruments,Rockville,MD) 
b. Vortex mixer 

(FisherScientificCo.,Fairlawn,NJ) 
c. IECCentra-7refrigeratedcentrifuge 

(InternationalEquipmentCo.,NeedhamHeights,MA) 
d. SMIMicropettors,sizesI, E,andG, andRepettorII adaptor 

(ScientificManufacturingIndustries,Emeryville,CA) 
e. ThelcoModel84 waterbath 

(PrecisionScientificCo.,Chicago,IL) 
3. Materials 

a. Bio-RadLaboratories“Quanta-CountB-12” Vitamin B12 Radioassay,200-tubekit (Bio-Rad 
Laboratories,Richmond,CA) 

b. FalconNo. 2063 12-X 75-mmdisposablepolypropylenetubes(Becton-DickinsonCo.,Oxnard, 
CA) 

4. Reagent Preparation 
a. IntrinsicFactor (not purifiedhuman)

Reconstitutewith 10.0mL of distilledwater.(Stablefor 1 monthat 2-8°C.) 
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b. WorkingPotassiumCyanideSolution(0.05mgKCNImL)
Dilute each 5.0-mL vial of aqueouspotassiumcyanide (0.1 mg KCN/mL) with 5.0 mL of 
distilledwater.(Stable1 monthat 2-8°C.) 

c. WorkingTracerSolution(< 1 uCi total activity as57Co)
Preparethis solution immediatelybeforeperformingthe assay.For eachtube to be counted, 
1.0 mL of working tracer solution is required;it is preparedby mixing 10 uL 57Co-tracer 
per1.0 mL of B12 ReleasingAgent (salinein dilute HCI). 

5. Standard Preparation 
a. 0.0pg/mL VitaminB12Standard 

Reconstitutewith 4.0 mL of distilledwater.(Stablefor 1 monthat 2-8°C.) 
b. 100,254 500, 1000,2000 pg/mLVitaminBl2 Standurds 

Reconstituteeachvialwith 2.0 mL of distilledwater,(Stablefor 1 monthat 2-8°C.) 
6. Procedure 

a. Analysis 
(1) 

(2) 

(3) 

(4) 
(5) 

(6) 
(7) 
(8) 

(9) 
(10) 

(11) 

Label two 12- X 75-mmreactiontubesfor the blank, two for eachstandard,including 
the zero,andtwo for eachsample. 
To all tubes,add 1.0 mL of working tracersolution (preparedimmediatelybeforeper
formingthe assay). 
Add 200 uL of zero standardto the blank tubes.Add 200 uL of the appropriatestan
dard tubes.Add 200 uL of eachserumspecimento the appropriatetube. Mix all tubes 
gentlyaftereachaddition. 
Add 100uL of workingpotassiumcyanidesolutionto all tubes.Mix gently. 
Placethe rack containingall of the tubesin a boiling water bath for 15 min (to convert 
cobalaminto cyanocobalamin).Cool tubesto roomtemperatureby placingrackin a cold 
waterbath. 
Add 200uL of IntrinsicFactorto all tubesexceptthe blanks.Mix well. 
Incubateat roomtemperaturefor 30 min. 
At the end of the incubationperiod,add one adsorbenttable to eachtube and vortex 
tube vigorouslyfor 10 seconds.Allow to stand5 min and centrifuge5-10 min at 2000-
3000rpm to packthe adsorbent. 
Decantthe supernatantsinto appropriatelylabeled12-X 75mm tubes. 
Preparea total countstube by adding1.0 mL of working tracersolution to a counting 
vial. 
Count the 57Coactivity in eachtube by usingthe LKB RackgammaII. 

b. Calculations 
The LKB RackgammaII hasfull data-reductioncapabilities.Method 4, logit (B/Bo) versus 
log10concentrationB12, where logit (B/Bo) = In ((B/Bo)/ (1-B/Bo)) isselectedfor thisanaly
sis, in which B = correctedcounts/minfor eachstandardor sampletube, Bo = corrected 
counts/minfor zero standardtube, and the resultingstandardcurveis linearized,asdescribed 
by Skellyet al.23ResultsarereportedaspicogramsvitaminB12permilliliter (pg/mL)of serum. 
Samplesgreaterthan 1500pg/mLarediluted 1:2 with salineandreanalyzed. 

I. PLASMA GLUCOSE 
1. Principle

Glucoseis measuredby a micro adaptationof the NationalGlucoseReferenceMethod24on an 
Abbott ABA-100 Analyzer.25 The determinationis basedon the enzymaticcouplingof hexo
kinaseand glucose-6-phosphatedehydrogenaseand hasbeenoptimizedfor D-glucose.Specificity 
is enhancedby usingsampledeproteinizationwith bariumhydroxideand zinc sulfate(Somogyi 
reagents)to remove kinasesand oxidoreductaseswhich utilize the coenzymes,carbohydrate 
modifying enzymes,ultraviolet absorbingproteins, and other possibly interfering chemicals 
which coprecipitate.
Hexokinaseand excessadenosinetriphosphate(ATP) are addedto the supernatant,and in the 
presenceof magnesiumions, phosphorylatethe glucoseto glucose-6-phosphate(G-6-P).In the 
presenceof nicotinamideadeninedinucleotide(NAD), G-6-Pis oxidizedby glucose-6-phosphate 
dehydrogenase(G-6-PD)to 6-phosphoglucono- -lactoneand NADH. Spontaneoushydrolysis 
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of the unstablelactoneoccursat the pH of the test, and the reactionsequencegoesvirtually 
to completion.The glucosepresentin the filtrate is measuredby the reductionof NAD to NADH 
measuredat 340nm. 

D-glucose+ (ATP •Mg)= 

2. Instrumentation 
a. Abbott ABA-100BichromaticAnalyzer(Abbott Laboratories,Pasadena,CA) 
b. MicromedicModel25000 Automatic Pipettes(2) with 1.0-mLsamplingand5.0-mLdispensing 

pumps(MicromedicSystems,Divisionof RohmandHaas,Horsham,PA) 
c. SorvallGLC-1centrifuge(DuPont-SorvallInstruments,Newton,CT) 
d. BeckmanResearchModel1019pH meter(BeckmanInstrumentCo., Fullerton,CA) 
e. MettlerModelH-16analyticalbalance(MettlerInstrumentCo.,Princeton,NJ) 
f. Acta-CVdouble-beamspectrophotometer(BeckmanInstrumentsCo.) 
g. Vortex mixer (FisherScientificCo., Fairlawn,NJ) 

3. Materials 
a. D-glucose,SRMNo. 917 (NationalBureauof Standards,Washington,DC) 
b. Benzoicacid, primarystandard,meetsA.C.S.specifications(J.T. BakerCo., Phillipsburg,NJ) 
c. Zincsulfate,heptahydrate,meetsA.C.S.specifications(MerckandCo., Rahway,NJ) 
d. Bariumhydroxide,octahydrate,meetsA.C.S.specifications(J.T. BakerCo.) 
e. Magnesiumacetate,tetrahydrate,meetsA.C.S.specification(J.T.BakerCo.) 
f. Tris (hydroxymethyl)aminomethane(Tris Base),reagentgrade,99.9%purity (SigmaChemical 

Co.,St. Louis,MO) 
g. Tris (hydroxymethyl)aminomethanehydrochloride(Tris-HCI),reagentgrade.(SigmaChemical 

Co.)
h. Nicotinamideadeninedinucleotide,oxidized (NAD+), dihydrate,gradeV: 99+%by formula 

weight(SigmaChemicalCorp.) 
i. Adenosine5'-triphosphate(ATP), disodium salt, trihydrate, purity of 98% or better based 

on formulaweight(ICNPharmaceuticals,Cleveland,OH) 
j. Hexokinase(HK), from yeast,highly purified (Boehringer-MannheimCo., Indianapolis,IN) 
k. Glucose-6-phosphatedehydrogenase(G-6-PD)from Leuconostocmesenteroides,highly 

purified (Boehringer-MannheimCo.) 
I. Bovineserumalbumin, Pentex,Fraction V, 96-99%pure (MilesLaboratories,Elkhart, IN) 
m.Glucose-l-phosphate,disodium salt, tetrahydrate, 98% pure (Boehringer-MannheimCo.) 
n. D-fructose,meetsNAS/NRCspecifications(J.T.BakerCo.) 

4. Reagent Preparation 
a. 1.0 g/L BenzoicAcid 

Dissolve1.0 g of benzoicacid in 300 mL of distilledwater in a 1-liter volumetricflask,with 
heating.After dissolutioniscompleted,dilute to volumewith distilledwater. 

b. 22 g/dL ZincSulfateSolution 
Dissolve22.0 g of zinc sulfate (ZNS04•7H20)in 900 mL of hot, C02-free distilled water. 
Cover the container with a watch glasswhile the solution cools, them transferto a l-liter 
volumetricflask,dilute to volumewith CO2-freedistilledwater,andmix well.Storein a tightly 
stoppered,glassreagentbottle. 
NOTE: Reagentsusedfor sampledeproteinization,which includesthe zinc sulfateand both 
bariumhydroxidesolutions,are preparedwith CO2-freewater. This is preparedby vigorously 
boilingdistilledwaterto expeldissolvecarbondioxide(C02). 
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c. SaturatedBariumHydroxide
Usinga freshlyopenedbottle of bariumhydroxide (Ba(OH)2•8H20),dissolve80 g in approxi-
mately900 mL of hot, C02-freedistilledwater.Coverthe containerwith a watch glasswhile 
the solution cools,then transferthe solution to a l-liter volumetricflask, dilute to volume 
with C02-freedistilledwater,andmix well. 

d. 0.055mol/L BariumHydroxide 
Withoutdisturbingthe precipitate,transfer245 mL of saturatedbariumhydroxideto a l-liter 
volumetric flask. Dilute to volume with C02-free distilled water. Titrate 10.0 mL of zinc 
sulfate solution with this dilute barium hydroxide solution to a faint pink end point with 
phenolphthaleinindicator (2 drops 0.5 g/dL indicator in 95% ethanol). Ideally, 10.0 mL of 
zincsulfateshouldrequire10.0 ±0.1 mL of bariumhydroxidesolution. 
NOTE: If this limit is exceeded,add either saturatedbariumhydroxideor CO2-freedistilled 
water in the appropriatecalculatedquantitiesto the 0.055 mol/L Ba(OH)2and repeatthe 
titration. Transferthe adjustedBa(OH)2solution to a glassreagentbottle fitted with a soda-
lime trap and a syphon or decantingtube system.Eachmonth checkequivalenceof this so
lution by titration. 

e. Tris-HCI Stock Solution 
Dissolve31.52g of Tris-hydrochloridein distilled water in a 2-liter flask.Mix well and dilute 
to volume. 

f. TrisBaseStockSolution 
Dissolve6.06 g of Tris basein distilledwaterin a 500-mLvolumetricflask.Mix well anddilute 
to volume. 

g. 0.1mol/L Tris-MagnesiumBuffer pH 7.5at 25°C 
Mix 800 mL of Tris-HCIsolutionand200 mL of Tris basesolution;then dissolve1.1g of mag
nesiumacetatein the solution. DeterminepH of the solution at 25°C. If necessary,adjust 
pH with either Tris-HCIof Tris baseto pH 7.5 ± 0.1. Filter the solution through a sterile 
0.45u membranefilter into a sterilized borosilicateglass,screw-capstoragebottle. (Stable
for up to 6 monthsat 4°C if carefullyhandled.) 

h. Tris-Albumin 
Dissolve0.5 g of bovine serumalbumin in Tris-magnesiumbuffer in a 250-mL volumetric 
flask.Mix well anddilute to volume.(Storeat 4°C.) 

i. StockHexokinaseSolution 
Weighor measurevolumetricallyan amountof hexokinaseestimatedto havea total activity 

of about 1250 IU at 25°C. Transferthis amountto a 250-mLvolumetricflaskand dilute to 
volumewith Tris-magnesiumbuffer. (Storeat 4°Candassayon dayof preparationasdescribed 
on pages102and 103of reference24.) 

j. StockGlucose-6-PhosphateDehydrogenase-Solution
Weighor measurean amountof G-6-PDestimatedto havea total activity of 1250IU at 25°C. 
Transferthis to a 250-mLvolumetricflaskand dilute to volumewith Tris-magnesiumbuffer. 
(Storeat 4°C and assayon day of preparationasdescribedon pages103and 104of reference 
24.) 

k. StockNAD Solution 
Dissolve0.9952g of nicotinamideadeninedinucleotidein Tris-magnesiumbuffer in a 250-mL 
volumetricflask. Dilute to volume.(Storeat 4°C and assayon dayof preparationasdescribed 
on pages104and105of reference24.) 

I. StockATP Solution 
Dissolve0.826 g of adenosinetriphosphate,disodiumsalt, in Tris-magnesiumbuffer in a 250-
mL volumetricflask. Dilute to volume.(Storeat 4°C and assayon day of preparationasde
scribedon page105of reference24.) 

m.WorkingEnzymeReagent 
After all enzymeandcoenzymeactivitieshavebeendetermined, addto a 1-liter volumetricflask 
the followingamountsof thesefour components: 
a. Hexokinase-amountof stocksolutionequalto 800 IU 
b. G-6-PD-amountof stocksolutionequalto 800 IU 
c. NAD-200 ml of stockwith concentration> 0.0045mM/mL 
d. ATP-200 mL of stockwith concentration> 0.0045mM/mL 

Dilute to 1.0 L with Tris-magnesiumbuffer and mix contentsthoroughly by inversion. Im
mediatelyafter enzymereagentis prepared,dispense100 mL into eachof 10 sterile,dry, 
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5. Standard Preparation 

screw-cap 125-mL heavy borosilicate glass bottles and store at -20°C until used. (Stable for 
6 months.) On the day of assay, remove the enzyme reagent from the freezer and place in 
a 25°C water bath or allow to thaw at room temperature. Before a new enzyme reagent is used, 
a portion of it is tested for adequacy by the procedures described on pages 106 and 107 of 
reference 24. Reagent which does not meet the criteria for adequacy cannot be used in this 
procedure. 

Note: The actual composition of the working enzyme reagent is based upon the assays of the 
four solutions above (i through I). 

a. 300 mmol/L (5400 mg/dL) Stock Glucose Standard 
Dissolve 5.400 g of NBS D-glucose (dextrose) in 1.0 g/L benzoic acid in a 100-mL volumetric 
flask. Mix well and dilute to volume. Store at -20°C in 20-mL aliquots in tightly capped con
tainers for preparing working standards. (Prepare a new stock each 6 months.) 

b. Working Glucose Standards 
Using a 20-mL aliquot of thawed and well-mixed stock standard, prepare the following dilu
tions, bringing each to 100-mL volume with 0.25 g/dL benzoic acid: 

mL Glucose mmol/L mg/dL 
Stock Standard Concentration Concentration 

1.0 3 54 
2.0 6 108 
3.0 9 162 
4.0 12 216 
5.0 15 270 

Note: Reserve a 100-mL portion of benzoic acid diluent for use as a zero concentration stand
ard. Store working standards in tightly capped bottles at 4°C. For use, mix and pour an aliquot 
for sampling; never insert pipets into the standard containers. If specimens with elevated 
glucose levels are to be analyzed, higher concentrations of standards should be included; the 
method is linear to 600 mg/dL (33.3 mmol/L). A 600 mg/dl standard, prepared by diluting 
11.1 mL of stock glucose standard to 100 mL with benzoic acid diluent in a volumetric flask, is 
routinely analyzed at the beginning of each analytical day as a part of the enzyme reagent and 
instrument linearity check. 

6. *Procedure 
a. Filtrate Preparation 

(1) Bring standards, quality control materials, and plasma specimens to room temperature. 
Mix each well. 

(2) Using a Micromedic Automatic Pipette, dilute 0.2 mL of each sample with 2.0 mL of 0.055 
mol/L barium hydroxide into a 16- X 125-mm disposable screw-cap tube. 

(3) Immediately dispense 2.0 mL of zinc sulfate solution into the same tube, using a second 
Micromedic Pipette. Cap tube and mix contents using a Vortex mixer for 5 sec. 

(4) After all filtrates have been prepared, remix each tube. Centrifuge all tubes at 2000 RPM 
for 20 min. 

(5) Decant supernates into labeled smaller tubes and recentrifuge. Samples are now ready 
for analysis. 

b. Enzymatic Reaction and Calculations 
ABA-100 parameters, analytical procedure, calculations, and maintenance are as described in 
the Hexokinase Procedure of the Instruction Manual25, with the following exceptions: (a) the 
ABA-100 procedure is based on direct analysis of serum; however, the dilution resulting from 
the preparation of a supernatant in this method necessitates the use of a special 1:11 syringe 
plate; (b) calculation of results in the ABA-100 manual is based on the published molar absorp
tivity of NADH; in this method the calibration factor is determined by using aqueousglucose 
standards taken through the entire procedure. 
Note: The enzymatic reaction can also be performed manually by adding one part of super-
natant to five parts of enzyme reagent, mixing, allowing 10 to 20 min for the reaction to go 
to completion, then recording absorbance on a good quality spectrophotometer at 340 nm 
versus distilled water. Calculations are performed by using the linear regression of the slope 
and intercept of the standard curve. 
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WHOLE BLOOD LEAD 
1. Principle 

Lead is measured in whole blood by atomic absorption spectroscopy by using a modification26 
of the Delves” method. Quantitation is based on the measurement of light absorbed at 283.3 nm 
by ground state atoms of lead from a lead hollow-cathode lamp source. Whole blood samples, 
bovine whole blood quality controls, and standards (bovine whole blood spiked with aqueous 
lead standards) are diluted with nitric acid as the oxidizing agent, dried, and ashed, and lead 
content is determined by using a Perkin-Elmer Model 360 atomic absorption spectrophotometer 
with deuterium background correction. All materials used for collecting and processing specimens 
were screened for possible lead contamination, and all processing work, except drying and ashing, 
is performed under laminar-flow hoods. 

2. Instrumentation 
a. Perkin-Elmer Model 360 atomic absorption spectrophotometer with deuterium arc background 

correction, lead hollow-cathode lamp, and a micro-combustion assembly. (Perkin-Elmer Corp., 
Norwalk, CT ) 

Parameter Setting 

Wavelength 283.3 nm 
Lamp current 10 mA 
Slit 0.7 nm (normal mode) 
Signal TC-1 (Time Constant-l) 
Operating mode CONC (concentration) 

b. Perkin-Elmer Model 56 recorder 
Range: 10 mV Chart speed: 10 mm/min 

(Perkin-Elmer Corp.) 

c. Sample tray holder (20-cup capacity) and nickel micro-cups 
(Perkin-Elmer Corp.) 

d. Gravity-type oven, set at 130-140°C 
(Blue M. Electric Co., Blue Island, IL) 

e. Corning Model PC-35 ceramic-top heating plate, setting at 5.4 = approx. 370°C 
(Corning Glassworks, Corning, NY) 

f. Heater control plate 
(Perkin-Elmer Corp.) 

g. Micromedic Model 25000 Automatic Pipette, with 20-uL samplingand 200-uL dispensing pumps 
(Micromedic Systems, Div. Rohm and Haas, Horsham, PA) 

h. Model D-003 ceramic high-temperature absorption tubes 
(Trace Metals Instruments, Inc., New York, NY) 

i. Cooling cabinet for samples (stainless steel and glass) 
(Brinkmann Instruments, Westbury. NY) 

j. Sonifier Cell Disruptor, Model W-140-E 
(Heat Systems Ultrasonics, Inc., Plainview, NY) 

k. EAC Model 100-Plus Modular Unit vertical laminar-flow hood 
(Environmental Air Control, Inc., Hagerstown, MD) 

I. Vortex mixer 
(Fisher Scientific Co., Fairlawn, NJ) 

3. Materials 
a. Lead nitrate, SRM No. 928 

(National Bureau of Standards, Washington, DC) 

b. Redistilled concentrated nitric acid 
(G. Frederick Smith Chemical Co., Columbus, OH) 

c. Acetylene, 99.9% purity 
(Matheson Gas Co., East Rutherford, NJ) 

d. Bovine whole blood (EDTA as anticoagulant), from undosed cows for standard additions 
(10-20 ug/dL), and from leaddosed cows (20-65 ug/dL) for various levels of quality control 
pools 
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4. Reagent Preparation 
a. 0.5% (v/v) Nitric Acid 

Dilute 5 mL of concentrated, redistilled nitric acid to volume in a 1-liter volumetric flask with 
deionized water and mix well. (Prepare as needed.) 

b. 1.0% (v/v) Nitric Acid 
Dilute 10 mL of concentrated, redistilled nitric acid to volume in a 1-liter volumetric flask with 
deionized water and mix well. (Prepare as needed.) 

5. Standard Preparations 
a. 1000 ug/mL Stock Lead Standard 

Transfer 1.5985 g of NBS lead nitrate to a l-liter volumetric flask. Dissolve lead nitrate with 
1% nitric acid, then dilute to volume with additional 1% nitric acid. (Prepare every 6 months; 
store in polyethylene container.) 

b. 10 ug/mL Intermediate Lead Standard 
Transfer 1.0 mL of stock standard to a 100-mL volumetric flask and dilute to volume with 
0.5% nitric acid. (Prepare on day of analysis.) 

c . Working Lead Standards 
Transfer the following volumes of intermediate standard to 100-mL volumetric flasks and dilute 
to volume with 0.5% nitric acid: 

mL intermediate Stock Working Standard Conc., ug/dL 

0 0 
1.0 10 
2.0 20 
4.0 40 
6.0 60 
8.0 80 

(Prepare on day of analysis. See 6.b. for method of spiking blood with aqueous lead standards.) 

6. Procedure 
a. Sample Preparation 

(1) Allow frozen whole blood specimens (collected from the HANES II field stations) and 
quality control blood specimens to reach ambient temperature and mix well (vortex). 
Before sampling, invert each tube five times. If blood is clotted or contains microclots, 
place sonifer probe in tube and disrupt clots. Prepare 40 specimens in duplicate for 1 
day’s analysis. 

(2) With the Micromedic Pipette, aspirate 10 uL of blood into delivery tip. Dispense sample 
and 50 uL of 0.5% nitric acid into a sample cup held in the sample tray. Aspirate air into 
the delivery tip and dispense 50 uL of 0.5% nitric acid into sample cup. Dispense again 
into sample cup to ensure maximal removal of blood from the pipet tip and to minimize 
carryover of blood. (Total volume of acid will be 150 uL.) 

(3) As each 20-sample tray is filled, place it in an oven at 130-140°C and dry blood samples 
for 15-30 min. After drying, place tray on the heater control plate (on the hot plate) and 
ash samples at about 370°C for at least 15 min. After ashing, remove tray and allow it to 
cool in the cooling cabinet. 

b. Spiked-Blood Standard Preparation 
(1) With the Micromedic Automatic Pipette, aspirate 10 uL of EDTA-anticoagulated bovine 

whole blood (from non-dosed cows) and dispense with 50 uL of 0.5% nitric acid into 
sample cups. 

(2) Aspirate 10 uL of the 0 ug/dL lead standard and dispense with 50 uL of 0.5% nitric acid 
into a sample cup. Aspirate air and dispense 50 uL of 0.5 nitric acid into the cup. Repeat. 
procedure with remaining standards in their respective cups, preparing five sets of stan
dards (0-80 ug/dL) for 1 day’s analysis, to bracket four sets of 20 samples. 

(3) Dry and ash the standard-blood mixtures in the same manner as samples, and allow cups to 
cool. 

c. Instrument Prellminaty Calibrations and Operation 
(1) Set instrument parameters as in 2.a., verify the alignment of the absorption tube, and make 

a preliminary alignment of the sample cup under the aperture of the absorption tube. 
Ignite the flame, and allow the flame and the absorption tube to equilibrate (approximate
ly 20-30 min). Adjust the flow rates of acetylene and air to give a flame that appears 
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almost completely blue with only slight vertical streaks of orange. Make the final align
ment of the sample cup under the aperture of the absorption tube by igniting cups contain
ing the 60 ug/dL lead standard and expand signal with EXPANSION control to desired 
signal amplification. (2X-3X is appropriate.) 

(2) Place cooled sample cup into cup-loop of the micro-combustion assembly and introduce 
the cup into the flame. 

(3) Proceed with the sample sequence, alternating sets of standards with trays of 20 samples 
(bracketing) until all cups have been analyzed. 

(4) Record absorbance readings corresponding to peak heights on the recorder. 

d. Calculations 
(1) Correct the absorbance values of the blood standards by subtracting the absorbance of the 

unspiked blood standard from the absorbances of the lead-spiked blood standards. 

(2) Calculate the concentration of each specimen from the slope and y-intercept of the averaged 
standard curve values which bracketed each tray of samples. 

(3) Repeat specimen analysis when duplicate absorbance of concentration values differ by 
more than 0.025A or 7 ug/dL. Reanalyze specimens containing more than 80 ug/dL 
lead by using a 5-uL sample size. 

7. CDC Modifications 
The following modifications to the original method are noted: (a) nitric acid is used rather than 
hydrogen peroxide as the oxidizing agent, (b) drying and ashing constitute two steps rather than 
one; and (c) a deuterium background corrector is used to compensate for refractory blood com
ponents, such as sodium chloride, which can give a small, nonspecific absorption signal when 
blood is being analyzed at the 283 nm lead wavelength. 

8. Acknowledgments 
This methodology was developed by the Toxicology Branch, Clinical Chemistry Division, Center 
for Environmental Health, CDC. 

K. SERUM TOTAL BILIRUBIN 
1. Principle 

Total serum bilirubin is measured by a CDC modification of the Gambino and Schreiber28 auto-
mated adaptation of the jendrassik and Grof29 method, which employs the Technicon Auto-
Analyzer I. The manifold was extended to provide 5-minute timing of the reaction. Conjugated 
bilirubin is solubilized by a caffeine-sodium benzoate mixture and, along with any unconjugated 
bilirubin in the sample, is coupled with diazotized sulfanilic acid; the reaction is stopped by adding 
ascorbic acid. The alkaline tartrate buffer produces the salt form of the complex (“diazo blue”), 
which appears as a green color with the caffeine mixture, and the absorbance is measured at 600 
nm. Serum blank colors were determined by replacing the diazo reagent with undiazotized sul
fanilic acid, and the absorbances of the blank colors were subtracted from the total serum absor
bance; the sample for the blank was obtained by a stream-splitter in the serum aspiration line. 

2. lnstrumentation 
a. Technicon AutoAnalyzer I 

(Technicon Instruments Corp., Tarrytown, NY) 

1) Sampler I, with 40/h 2:1 cam 
2) Pump II 
3) Colorimeter, with 15-mm I.D. flowcell, and 600-nm filters 
4) Bristol recorder, dual pen 
5) Flow-rated tubing 

b. Vortex mixer 
(Fisher Scientific Co., Fairlawn, NJ) 

c. Mettler Model 18 analytical balance 
(Mettler Instrument Corp., Hightstown, NJ) 

d. Beckman Model 1019 Research pH meter 
(Beckman Instruments Co., Fullerton, CA) 

e. Cary Model 118 double-beam spectrophotometer 
(Varian Associates, Palo Alto, CA) 

f. Tek-Pro Heat/Stir 36 heating/magnetic stirring unit 
(Scientific Products Corp.; Evanston, IL) 
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3. Materials 
a. Bilirubin standard, SRM No. 916 

(National Bureau of Standards, Washington, D.C.) 

b. Human Albumin Fraction V, powder, 98.7% purity 
(Miles Laboratories, Kankakee, IL) 

c. Caffeine, > 98.5% purity 
(Eastman Chemical Co., Rochester, NY) 

d. Sodium benzoate, ACS certified 
(Fisher Chemical Co., Fairlawn, NJ) 

e. Sodium acetate, ACS certified 
(Fisher Chemical Co.) 

f. Sodium hydroxide, pellets, ACS certified 
(Fisher Chemical Co.) 

g. Potassium sodium tartrate, tetrahydrate, crystalline, ACS certified 
(Fisher Chemical Co.) 

h. Sulfanilic acid, ACS certified 
(Eastman Chemical Co.) 

i. Hydrochloric acid, concentrated, ACS certified 
(Fisher Chemical Co.) 

j. Sodium nitrite, AutoAnalyzer Certified Reagent 
(Technicon Instruments Corp., Tarrytown, NY) 

k. L-Ascorbic acid, crystal, ACS certified 
(Fisher Chemical Co.) 

I. Potassium phosphate, monobasic and dibasic salts, ACS certified 
(Fisher Chemical Co.) 

m. Hyland Lyophilized Elevated Bilirubin Control (20 mg/dL) 
(Hyland Co., Houston, TX) 

n. Thymol Blue sodium salt 
(Eastman Chemical Co.) 

4. Reagent Preparation 
a. 1.6 mol/L Tartrate Buffer 

Dissolve 100 g of sodium hydroxide pellets and 350 g of potassium sodium tartrate in 1 L 
of deionized water, with stirring. Dilute to volume in a 2-liter volumetric flask with deionized 
water (Prepare as needed, store at room temperature, and filter before using.) 

b. 1.0g/dL Sulfanilic Acid 
Dissolve 10 g of sulfanilic acid in 500 mL of deionized water. Add 15 mL of concentrated 
hydrochloric acid and dilute to volume in a l-liter volumetric flask with deionized water. 
(Prepare as needed.) 

c. 0.129 mol/L Caffeine 
Dissolve 25 g of caffeine, 38 g of sodium benzoate, and 63 g of sodium acetate in 500 mL of 
deionized water, with stirring. Dilute to volume in a l-liter flask with deionized water. (Prepare 
as needed and filter before using.) 

d. 0.05 mol/L Hydrochloric Acid (HCI), 
Dilute 8.4 mL of concentrated HCI to volume in a 2-liter volumetric flask with deionized water. 
(Prepare as needed.) 

e. Diazo Reagent 
Add 0.45 g of sodium nitrite and 90 mL of deionized water to 900 mL of 1 g/dL sulfanilic 
acid. Mix well. (Prepare fresh before each run.) 

f. 0.4 mol/L Ascorbic Acid 
Dissolve 20 g of L-ascorbic acid in 500 mL of deionized water. Mix well (Prepare fresh daily.) 

g. pH 7.4 Phosphate Buffer 
To 200 mL of deionized water in a 500-mL volumetric flask, add 1.35 g of monobasic potas
sium phosphate, 6.99 g of dibasic potassium phosphate, with stirring. Dilute to volume with 
deionized water and check to assure that pH is 7.4 ± 0.05 at 25°C. If necessary, adjust pH with 
dilute HCI or NaOH. (Prepare each time new standards are required.) 

h. 2.5 g/dL Albumin Solution 
Dissolve 5 g of crystallized Fraction V human albumin in 100 mL of pH 7.4 phosphate buffer 
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5. Preparation of Standards 

in a 200-mL volumetric flask, with stirring. Dilute to volume with phosphate buffer. (Prepare 
each time new standards are required.) 

i. Thymol Blue, 70 mg/dL 
Weigh 70 mg of Thymol Blue salt and dissolve in 1 L of distilled water. 

Because of the difficulties in preparing and maintaining a stable primary bilirubin standard, NBS 
Bilirubin is used as a primary standard against which a commercial serum bilirubin material is care-
fully analyzed to furnish a secondary standard for daily use. The ratio of the molar absorptivi
ties of the primary and secondard standards is used to establish the concentration of each prepara
tion of secondary standard which is used for calculating concentrations of all serum bilirubins 
assayed with that preparation. 

a. 20 mg/dL Bilirubin Primary Stock Standard (for primary calibration) 
Weigh 20.0 ± 0.1 mg of NBS bilirubin SRM 916 in a glass microtube or weighing boat. Working 
rapidly and in subdued light, dissolve the bilirubin in 2 mL of 0.05 mol/L NaOH by agitation 
with a fine stirring rod. Within 4 min of weighing, transfer to a 100-mL volumetric flask; use 
2-mL portions of 2.5 g/dL albumin solution to wash rod and tube into the volumetric flask 
until they are free of color; with gentle swirling, dilute contents of flask to volume with albumin 
solution and mix thoroughly. Deliver a 5.5-mL volume of stock standard into 18 tightly stop
pered amber vials and freeze at -7O°C.This stock is good for about 3 weeks to 1 month and is 
used to obtain repeated values for molar absorptivity and analysis of each new lot of the second
ary serum standard. 

b. Dilute Primary Working Standards 
Thaw a vial of stock, standard solution and bring to 20°C. Prepare a 2.5 mg/dL dilute sub-
standard by diluting 5.0 mL of stock with exactly 35 mL of 2.5 g/dL albumin and mix. Use the 
dilution to prepare the following standard dilutions, using Class A pipets: 

mL 2.5 mg/dL Standard mL Albumin Solution 2.5% Final Bilirubin Conc., mg/dL, 

2.0 8.0 0.5 
4.0 6.0 1.0 
6.0 4.0 1.5 
8.0 2.0 2.0 

10.0 0.0 2.5 

These standard solutions may be kept frozen for 1 week, but several sets of dilute working 
standards should be used in determining molar absorptivity of azobilirubin or in validating new 
lots of serum standard. (See Section d below.) 

c. Secondary Bilirubin Serum Standards 

(1) Preparation of 3 mg/dL (Nominal) Secondary Standard 
Reconstitute 11 vials of Hyland lyophilized bilirubin control serum (in the range of 20 mg/ 
dL) according to directions (2.0 mL of distilled water to each vial). Allow vials to stand for 
30 min, then mix each thoroughly, and pool contents of all vials in an amber flask. Pipet 
20 mL of the pooled serum into exactly 120 mL of distilled water to obtain a bilirubin 
concentration of approximately 3 mg/dL. Mix thoroughly. Dispense 6-mL aliquots of this 
solution into each of 23 10-mL amber glass vials and stopper the vials. Store at -70°C for 
up to 1 month. One vial may be thawed and used for 4 working days if it was stored at 
-7O°C. (This dilution is designated as the “3 mg/dL” serum standard, but the actual assayed 
value is used in computing the analyzed values for specimen unknown in the automated 
analysis.) 

(2) Assay 
Each new lot of Hyland serum is analyzed by comparing the nominal “3 mg/dL” dilution 
with the NBS primary standard; the serum dilution must previously have been frozen over-
night. Prepare one blank and three total-assay tubes of the “3 mg/dL” serum dilution and 
analyze by the manual procedure below. 

Note: Once a consistent average absorbance for the NBS standard has been obtained by the 
manual assay, the 3 mg/dL serum dilution may be analyzed by comparing its absorbance 
with the average value for the 2.5 NBS standard: 

Concentration in mg/dL = Absorbance of 3 mg/dL serum std. X 2.5 

Avg. absorbance of 2.5 NBS std. 
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Reagent 

Caffeine 
HCI ,0.05 N 
Sample or standard 
Diazo reagent 
Sulfanilic acid 
Ascorbic acid 
Tartrate buffer 

Blank Tube, mL Total Bilirubin Tube, mL 

2.0 
2.0 

0.5 0.5 
1.0 

1.0 

0.5 0.5 
1.5 1.5 

(3) Working Secondary Serum Standards 
Prepare the following standard concentrations daily, and run a standard curve at the begin
ning and end of each run: 

Nominal Concentration* mL “3 mg/dL” Standard mL Dist. Water 

3.0 mg/dL (use undiluted) 0.0 
1.2 mg/dL 2.0 3.0 
0.6 mg/dL 2.0 8.0 
0.3 mg/dL 5.0 ml of “0.6” above 5.0 

*Use exact values as determined by analysis of the “3 mg/dL” serum standard. 

d. Manual Procedure for Determining Specific Absorptivity of Alkaline Azoblllrubin and Sec
ondary Serum Standards 
The following volumes of reagents are dispensed into 15- X 125-mm glass tubes, one tube for 
“blank” and another for “total” for each standard or serum sample. Duplicate sets of NBS 
standards (0.5 to 2.5 mg/dL) are set up for the calibration curve. If the “3 mg/dL” secondary 
serum standard is analyzed, set up one blank and three “total” tests. 

(1) Add the caffeine and HCI to their respective tubes. 

(2) Add the first sample to “total” tube and mix well. 

(3) Set a timer for 10 min. Add diazo reagent to the “total” tube, mix thoroughly, and start 
timer. 

(4) After 1 min,add the same sample to the first “blank” tube, and add sulfanilic acid and mix. 

(5) At timed intervals, add subsequent samples to “total” and “blank” tubes. 
(6) After the first “total” tube has stood for 10 min, add ascorbic acid to that tube and mix; 

then add tartrate buffer and mix; follow the same procedure for the “blank” tube. 
(7) Read the absorbance of each total bilirubin tube versus its corresponding blank tube on a 

spectrophotometer set at 600 nm at 10 min after adding tartrate buffer. The mean absor
bance values of the duplicate primary standards should plot a straight line through the 
origin on an aborbance/ concentration graph. 

e. Calculations 
( 1) Molar Absorptivity 

For the 1.0 and 2.5 mg/dL primary standard dilutions calculate the molar absorptivity, 
using the respective exact concentrations and absorbance readings in the following form
ulas: 
Absorbance = (molar absorptivity) (pathlength of cuvette) (concentration), which yields: 

Molar absorptivity = 
(absorbance) (molecular weight) 

(pathlength) (std.conc.*) (volume of sample used 
total reaction volume) 

Molecular weight of bilirubin = 584.7 g/mol 

Std. conc. = 2.0 or 2.5 mg/dL (0.020 or .025 g/L) 

Volume of sample = 0.5 mL 

Total volume = 5.5 mL 

Pathlength of cuvette = 1 cm 

For example, if the absorbance of the 2.50 mg/dL standard is .273: 

Molar absorptivity = 

Average the four values obtained with the 2.0 and 2.5 primary standards. 
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(2) Concentration of the Serum Standard: Use the equation given in 5.c.(2). 

6. Procedure 
a. Thaw specimens, quality control materials, and “3 mg/dL” secondary standard in reduced light 

to minimize bilirubin degradation. 

b. Following the usual AutoAnalyzer operating procedure, prepare simultaneous “total” and 
“blank” channels for operation. Determine the sample dilution ratio of the two systems by 
sampling 2.0 mL of 70 mg/L Thymol Blue solution until “steady state” is achieved. Then, if 
both systems are balanced: 

Abs. Thymol Blue “total” system =1.0 ±0.05 

Abs. Thymol Blue “blank” system 
*Standard concentration 

c. Prepare working standards from “3 mg/dL” secondary standard. Assay standards and quality 
control materials. Using the slope and y-intercept of the standard absorbance (y-axis)/concen
tration (x-axis) curve, calculate concentration of control pools. If the resulting control values 
are within 2 standard deviations of their respective means, proceed with analysis of the speci
mens. Place aliquots of “3 mg/dL” standard in positions 1 and 21 of every sample tray to moni
tor system drift and proceed with the analysis. 

d. Correct all absorbance readings: 
Corrected Absorbance - “Total” Abs. = “Blank” Abs. 
Calculate the concentration of the serum specimens from the slope and y-intercept of the 
standard curve. Report results as milligrams of bilirubin per 100 mL of serum (mg/dL). 

7. CDC Modifications 
The following modification of the original method is noted: both a primary NBS reference stan
dard and a secondary commercial bilirubin-serum standard are used. 

8. Flow Diagram 

SERUM BILIRUBIN FLOW DIAGRAM Sampler I I 
40/h, 2:l cam 

5 min residence time 

600-nm filter turns 

15-mm flowcell Ascorbic Acid 0.32 mL/min 

Dual pen 
recorder Sample 

Calorimeter 

600-nm filter 
15-mm flowcell 

turns turns 

Ascorbic Acid 

0.80 mL/min 

Tartrate 

Waste 3.40 mL/min 

Sampler H2O 2.00 mL/min 
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L. SERUM GLUTAMIC-OXALOACETIC TRANSAMINASE (SGOT) 
(EC No. 2.6.1 .1, L-aspartate: 2-oxoglutarate aminotransferase) 

1. Principle 
Serum glutamic-oxaloacetic transaminase (or, aspartate aminotransferase) is determined by a modi-
fication30 of the method of Henry 31 et aI., based on the following reaction scheme: 

+ L-glutamate 

L-malate + NAD+ 

As oxaloacetate is formed in the transaminase reaction, it is reduced to malate by malate dehydro
genase as an equivalent amount of NADH is oxidized to NAD+. SGOT concentration is measured 
indirectly by measuring the decrease in absorbance of NADH at 340 nm, by using an Electro-
Nucleonics GEMSAEC Centrifugal Fast Analyzer, at a temperature of 30°C. 

2. 

3. 

Instrumentation 
a. GEMSAEC Centrifugal Analyzer 

(Electra-Nucleonics Co., Fairfield, NJ) 

b. Micromedic Model 25000 Automatic Pipettes with 50-uL sampling and 1.0-mL and 50-uL 
dispensing pumps 
(Micromedic Systems, Division of Rohm and Haas, Horsham, PA) 

c. Mettler Model H18 analytical balance 
(Mettler Instruments Corp., Hightstown, NJ) 

d. Thelco heating oven 
(Precision Scientific Co., Chicago, IL) 

e. Beckman Research Model 1019 pH meter 
(Beckman Instruments Co., Fullerton, CA) 

Materials 
a. Tris (hydroxymethyl) aminomethane (Tris Base), reagent grade (Sigma Chemical Co., St. Louis, 

MO) 
b. Tris (hydroxymethyl) aminomethane hydrochloride (Tris-HCI), reagent grade 

(Sigma Chemical Co.) 

c. L-Aspartic acid, certified purity 
(ICN Pharmaceuticals Inc., Cleveland, OH) 

d. 2-Oxoglutaric acid (a-ketoglutaric acid), A grade 
(Calbiochem-Behring Corp., La Jolla, CA) 

e. ß-Nicotinamide adenine dinucleotide, reduced form (NADH), disodium salt, 100% purity, 
grade I I. Store at 4°C in desiccator. 
(Boehringer-Mannheim Corp., Indianapolis, IN) 

f. Malate dehydrogenase (MDH) in 50% glycerol, ACS reagent grade, specific activity about 1200 
U/mg at 25°C. Store at 4°C in desiccator. 
(Boehringer-Mannheim Corp.) 

g. Nitrogen, 99.99% purity, prepurified 
(Selox, Inc., Chattanooga, TN) 

h. Sodium hydroxide (NaOH) pellets, ACS grade 
(Fisher Scientific Co., Fairlawn, NJ) 

4. Reagent Preparation 
a. 0.1 mol/L Tris-HCI Stock Solution 

Dissolve 31.53 g of Tris-HCI in distill ed water and dilute to volume in a 2-liter volumetric flask. 
(Prepare every 2 months; store at 4°C) 
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b. 0.1 mol/L Tris Base Stock Solution 
Dissolve 12.12 g of Tris Base in distilled water and dilute to volume in a 1-liter volumetric flask. 
(Prepare every 2 months; store at 4°C.) 

c. 0.1 mol/L Tris Buffer, pH 7.8 at 30°C 
Warm aliquots of reagents 1 and 2 to 30°C. 
Titrate 800 mL of Tris-HCI stock solution with the Tris base stock solution (200-300 mL) to 
pH 7.8 at 30°C. Filter, using a 0.45-u Millipore. (Prepare every 2 months, store at 4°C.) 

d. 0.626 mol/L Stock Aspartate Solution 
Add 93.32 g of L-aspartic acid and 12.11 g of Tris base to 700 mL of distilled water, warming 
solution slightly to dissolve the aspartic acid. Adjust pH to 7.8 at 30°C with 10 mol/L NaOH. 
Cool solution and dilute to 1 L with distilled water. Transfer 50-mL aliquots to plastic screw-
cap bottles. (Prepare every 2 months, store at -20°C.) 

e. 0.0667 mol/L 2-Oxoglutarate Solution 
Add 1.95 g of 2-oxoglutaric acid and 2.42 g of Tris base to 150 mL of distilled water in a 400-
mL beaker. Warm to 30°C and adjust to pH 7.8 at 30°C with 10 mol/L NaOH. Transfer to a 
200-mL volumetric flask, cool to 20-25°C, and dilute to volume with distilled water. Dispense 
20-mL aliquots into plastic screw-cap vials. (Prepare monthly, store at -20°C, and use aliquot 
only on the day it is thawed.) 

f. Mixed Substrate Solution 
Mix 50 mL of thawed 0.626 mol/L aspartate solution, 150 mL of 0.1 mol/L Tris buffer (at 
room temperature), 30 mg of NADH, and 20 uL of MDH-glycerol solution (each of the latter 
two are brought to room temperature in a desiccator). In the first transfer disc analyzed in the 
GEMSAEC, measure the absorbance of this solution, which should by > 1.000. If the absor
bance is less than 0.9, prepare fresh reagents. Store solution at 4°C, except when dispensing for 
analyses. (Prepare daily; may be used a second day if refrigerated and absorbance is not < .900.) 

g. 10 mol/L Sodium Hydroxide 
Dissolve 500 g of NaOH pellets with stirring in 600 mL of distilled water; when cool, dilute to 1 
L. (Prepare as needed.) 

5. Standard Preparation 
L-Aspartate, 2-oxoglutarate, MDH, and NADH are used in excess so that the reaction rate is 
limited only by the amount of GOT present (that is, a zero-order reaction). The change in absor
bance per min, AA, is directly related to the micromoles of NADH oxidized to NAD+ and in turn 
to the micromoles of substrate transformed per min. A value of 6.22 X 103 L/mol-cm is used as 
the molar absorptivity for NADH. A standard, per se, is not used, since no reference SGOT is 
available. A serum pool is used for quality control purposes. 

6. Procedure 
a. GEMSAEC Centrifugal Analyzer Settings 

(1) Temperature =30°C 
(2) Wavelength = 340 nm 
(3) Initial reading = 20 sec 
(4) Reading interval = 60 sec (60 sec on newer GEMSAEC models) 
(5) Number of readings = 4 

b. Transfer Disc Preparation 
Using the Micromedic Automatic Pipettes, load samples and reagents (all brought to 25°C) 
into the transfer discs. 

(1) Position No. 1 of each disc always contains water. 

(2) Position No. 2of the first disc of the run contains 400 uL of mixed substrate solution only. 
The absorbance of this solution should be >0.900. 

(3) Position No. 3 of the first disc contains the reagent blank: 
Well A 50 uL water ( as sample) 
Well C 400 uL mixed substrate solution 
Well B 50 uL 2-oxoglutarate solution 

500 uL total volume 

(The absorbance of this solution is monitored for quality control purposes.) 
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(4) For all sample positions: 

Well A 50 uL sample 
Well C 400 uL mixed substrate solution 
Well B 50 uL 2-oxoglutarate solution 

500 uL total volume 

(5) Cover disc with a plastic Petri dish and place in a 30°C incubator for 20 min. (Not neces
sary with newer model GEMSAECs with temperature-controlled rotors. Sample will come 
to 30°C within 30 sec.) 

(6) Include two reference serum pools and two quality control pools with every 40 samples 
analyzed. 

c. Operation 
(1) Perform a cuvette cleanliness check in the GEMSAEC well by using a disc containing water 

only, as outlined in the GEMSAEC Automatic Analyzer Manual32. (Results should be 0.01 
abs. for check and < 0.001 abs. for repeat. If these limits are exceeded, perform cuvette 
wash, and repeat washing until abosrbances are acceptable.) 

(2) Place the first incubated disc into the GEMSAEC well and analyze for AA, the change in 
absorbance readings for each sample. Repeat for each additional disc. 

d. Calculations 

V = total reaction volume (500 uL) 
v = sample volume (50 uL) 
dA = change in absorbance (A) at 340 nm 
dt = change in time (min) 
b = pathlength of the cuvette (1 cm) 
E = Molar absorptivity of NADH (6.22 X 103 L/mol-cm) 
Then: 

Catalytic concentration in umol/min-L or Units/L at 30°C = 

(dA/dt) x 500 uL 

(6220 L/mol-cm) (1 cm) 50 uL 

= (dA/dt) X (1607.7 umol/L) at 30°C 

Results are reported as units of SGOT per liter of serum at 30°C (U/L). One unit is equal to 1 
micromole of substrate catalyzed per min. 

7. CDC Modifications 
This method is the same as the CDC Method used in the Cooperative Enzyme Experiment (1976 -
reference 30) with this exception: incubation time is increased from 15 to 20 min. 

8. Acknowledgments 
This working method was developed by the Enzyme and Methodology Research Laboratory, 
Analytical Biochemistry Branch, Clinical Chemistry Division, Center for Environmental Health, 
CDC. 

M. SERUM ALKALINE PHOSPHATASE 
(EC No. 3.1.3.1.) orthophosphoric monoester phosphohydrolase) 

7. Principle 
Alkaline phosphatase is measured by the method of Bowers and McComb33!34. The procedure is 
based on the hydrolysis of p-nitrophenyl phosphate to p-nitrophenol and inorganic phosphorus, 
catalyzed by alkaline phosphatase. 

alkaline 
p-Nitrophenyl phosphate + H20 phosphatase p-nitrophenol + HP042 

The change is absorbance of the reaction product, p-nitrophenol, is measured at 404 nm, by using 
an Electra-Nucleonics-GEMSAEC Centrifugal Fast Analyzer at 30° C; p-nitrophenol is used as 
the standard material. 
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2. Instrumentation 
a. Electra-Nucleonics GEMSAEC Automatic Analyzer 

(Electra-Nucleonics Co., Fairfield, NJ) 

b. Micromedic Model 25000 Automatic Pipettes with 20-uL sampling and 50-uL and 1.0-mL 
dispensing pumps 
(Micromedic Systems, Division of Rohm and Haas, Horsham, PA) 

c. Mettler Model HI8 analytical balance 
(Mettler Instruments Corp., Hightstown, NJ) 

d. Thelco heating oven 
(Precision Scientific Co., Chicago, IL) 

e. Beckman Research Model 1019 pH meter 
(Beckman Instruments Co., Fullerton, CA) 

3. Materials 
a. 2-Amino-2-methyl-l -propanol (AMP), ACS reagent grade 

(ICN Pharmaceuticals, Inc., Cleveland, OH) 

b. p-Nitrophenyl phosphate(PNPP), disodium salt, hexahydrate,> 98% purity 
(Sigma Chemical Co., St. Louis, MO) 

c. pNitrophenol (PNP), A grade 
(Calbiochem-Behring Corp., La Jolla, CA) 

d. Magnesium chloride, (MgCl2), hexahydrate, ACS reagent grade 
(Fisher Scientific Co., Fait-lawn, NJ) 

e. Hydrochloric acid (HCI), concentrated, ACS reagent grade 
(Fisher Scientific Co.) 

4. Reagent Preparation 
a, 940 mmol/L 2-Amino-2.Methyl-l-Propanol Buffer, pH 10.3 at 30°C 

Dissolve 3.75 g of AMP in 30 mL of distilled water and adjust pH to 10.30 ± 0.05 at 30°C, 
using 5 mol/L HCI . Transfer to a 50-mL volumetric flask and dilute to volume at 20-25°C. 
(Prepare daily.) 

b. 1.5 mmol/L - Magnesium Chloride 
Dissolve 0.3 g of magnesium chloride in 1 L of distilled water. (Prepare daily.) 

c. 210 mmol/L p-Nitrophenyl Phosphate 
Dissolve 385 mg of PNPP in 5.0 mL of 1.5 mmol/L MgCl2. (Prepare daily.) 

d. 5 mol/L Hydrochloric Acid 
Add 400 mL of concentrated HCI to 600 mL of distilled water and mix well. (Based on a con
centration of 12.5 mol/L for concentrated HCI from most Fisher lots.) 

5. Standard Preparation 
a. 1.0 mol/L p-Nitrophenol Stock Standard 

Dissolve 139.1 mg of PNP in 1 L of distilled water. (Prepare every 2 months; store at 4°C.) 

b. 0.05 mmol/L p-Nitrophenol Working Standard 
Dilute 1.0 mL of 1.0 mmol/L standard to 25 mL with 840 mmol/L AMP buffer. 
Determine the molar absorptivity of this solution: 

(1) With a spectrophotometer, measure the absorbance of the 0.05 mmol/L PNP working stan
dard at 404 nm against a water black. Acceptable limits for absorbance are 0.740-0.760. 

(2) Calculate the molar absorptivity: 

A = (E) (b) (c) where A = absorbance (.750) 
e = molar absorptivity 
b = pathlength of cuvette (1 cm) 
c = concentration (0.04 mmol/L) 

Then e= A = 
.750 = 18,750 L/mol-cm 

b) (c) (1 cm) (4X 105 mol/L) 

6. Procedure 
a. GEMSAEC Centrifugal Analyzer Settings 

(1) Temperature = 30°C 
(2) Wavelength = 404 nm 
(3) Initial reading= 20 sec (60 sec on newer model GEMSAEC) 
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(4) Reading interval = 60 sec 
(5) Number of readings = 4 

b. Transfer Disc Preparation 
Incubate all serum specimens at 25°C for 24 h before analyzing to ensure maximum alkaline 
phosphatase activity. Bring all reagents to 25°C also. 

Using the Micromedic Automatic Pipettes, load samplesand reagents into the transfer discs: 

(1) Position No. 1 of each disc is always water, 

(2) Position No. 2 of the first disc analyzed contains 20 uL of 0.05 mM PNP working stan
dard, to verify that the absorbance level is 0.740 - 0.760. 

(3) Position No. 3 of the first disc contains the reagent blank: 
Well A 20 uL water (as sample) 
Well C 540 uL AMP buffer 
Well B 40 uL PNP 

600 uL Total volume 

(The absorbance reading of this mixture is monitored for quality control purposes.) 

(4) Load all sample positions as follows: 
Well A 20 uL sample 
Well C 540 uL AMP buffer 
Well B 40 uL PNP 

600 uL total volume 

(5) Incubate transfer discs at 30°C for 15 min (not necessary in newer model GEMSAECs with 
temperature-control led systems). 

(6) Include two working standards and two quality control pools with every 40 samples ana
lyzed. 

c. Operation 
(1) Perform a cuvette cleanliness check in the GEMSAEC well by using a disc containing water 

only, as outlined in the GEMSAEC Automatic Analyzer Munual35. (Results should be 
< 0.01 abs. for check and < 0.001 abs. for repeat. If these limits are exceeded, perform 
cuvette wash and repeat washing until absorbances are acceptable.) 

(2) Place the first incubated transfer disc into the GEMSAEC well and analyze for AA, the 
change in absorbance readings for each sample. Repeat for each additional disc. 

d. Calculations 

Catalytic activity = dc/dt = = umol/min = U 
eb 

dA 

in uM/min/L or U/L at 30°C 

V = total reaction volume (600 uL) 
v = sample volume (20 uL) 
dc = change in concentration of substrate in umol 
dA = change in absorbance at 404 nm 
dt = change in time in min 
b = pathlength of cuvette (1 cm) 
e = molar absorptivity (for p-nitrophenol at pH 10.3 e = 

18.75 X 103 L/mol-cm) 

Then: 
Catalytic concentration in mol/min-L or Units/L at 30°C 

=dA x 1 

dt 

x 600 uL 

(18.75 X 103 L/mol-cm) (1 cm) 20 uL 

= d x 30 

dt L mol 

= dA 
dt 

X 1600 umol/L = U/L at 30°C 
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Results are reported as units of alkaline phosphatase per liter of serum at 30°C (U/L). 

7. CDC Modifications 
The following modifications are noted to the Selected Method (reference 34) are noted: (a) AMP 
buffer concentration is 840 mmol/L instead of 890 mmol/L, and (b) PNPP concentration is 210 
mmol/L instead of 225 mmol/L. 

8. Acknowledgments 
This working method was developed by the Enzyme and Methodology Research Laboratory, 
Analytical Biochemistry Branch, Clinical Chemistry Division, Center for Environmental Health, 
CDC. 

N. SERUM AND RED CELL FOLATE (MICROBIOLOGICAL) 
7. Principle 

Serum and red cell folic acid is measured microbiologically by a semiautomated modification35 
of the methods described by Baker et al.36 and Cooperman 37 Serum (or whole blood diluted. 
with ascorbic acid) is extracted, and an aliquot is added to an assay medium containing all of the 
nutrients except folic acid necessary for the growth of Lactobacillus casei (ATCC 7469). The me
dium is then inoculated with this microorganism and incubated for 20-22 h at 37°C. Because the 
growth of L. casei is proportional to the amount of folic acid present in the serum/whole blood 
extract, the folic acid level can be quantitated by measuring the turbidity of the inoculated medi
um at 600 nm in a Technicon AutoAnalyzer I Colorimeter. Standards are prepared from pteroyl
glutamic acid (PGA, folic acid). 

2. lnstrumentation 
a. Technicon AutoAnalyzer I, with the following: 

(1) Sampler II with 60/h 1:2 cam, with mixer 
(2) Pump II 
(3) Colorimeter, with 15-mm I.D. flowcell, and 620-nm filters 
(4) Bristol recorder, dual pen 
(5) Flow-rated tubing 
(Technicon Instrument Corp., Tarrytown, NY) 

b. Corning Model 7 pH meter, single probe 
(Corning Glassworks, Corning NY) 

c. Sorvall GLC-1 centrifuge 
(DuPont Sorvall Instruments, Newtown, CT) 

d. Mettler Model 18 analytical balance 
(Mettler Instrument Co., Hightstown, NJ) 

e. Amsco autoclave 
(American Sterilizer Co., Plainview, NY) 

f. Blue M circulating water bath, 37°C 
(Blue M Electric Co., Blue Island, IL) 

g. Micromedic Model 25000 Automatic Pipette, with 1.0-mL sampling and 5.0-mL dispensing 
pumps 
(Micromedic Systems, Div. Rohm and Haas, Horsham, PA) 

h. Vortex mixer 
(Fisher Scientific Co., Fairlawn, NJ) 

i. Beckman Model DB-GT double-beam spectrophotometer with 10 in strip chart recorder 
(Beckman Instruments Corp., Fullerton, CA) 

j. Thelco Model 4 Incubator, 37°C 
(Precision Scientific Co., Chicago, IL) 

3. Materials 
a. Pteroylglutamic acid (PGA, folic acid), Sigma grade, 99-100% purity (Sigma Chemical Co., St. 

Louis, MO) 

b. Ethanol, dehydrated, U.S.P. 
(Publicker Industries, Linfield, PA) 

c. Lactobacillus casei, lyophilized culture (ATCC 7469) 
(American Type Culture Collection, Rockville, MD) 

d. Bacto-Lactobacilli agar and broth AOAC 
(Difco Laboratories, Detroit, Ml) 
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e. “Vitamin-Free’ enzymatic casein hydrolysate (5%) 
(ICN Pharmaceuticals Inc., Cleveland, OH) 

f. L-Dextrose (d-glucose), ACS certified 
(Fisher Scientific Co.) 

g. Sodium acetate, anhydrous, ACS certified 
(Fisher Scientific Co.) 

h. Potassium phosphate, dibasic (K2HP04), reagent grade 
(Mallinckrodt Chemical Co., St. Louis, MO) 

i. Potassium phosphate, monobasic (KH2P04), reagent grade 
(Merck Co., Rahway, NJ) 

j. D,L-Tryptophane, > 98.5% purity 
(ICN Pharmaceutical, Inc.) 

k. L-Cysteine hydrochloride, > 98.5 purity 
(ICN Pharmaceuticals, Inc.) 

I. Xanthine, > 98.5% purity 
(ICN Pharmaceuticals, Inc.) 

m. Sodium hydroxide (NaOH), 50% solution (12.5 mol/L) and pellets, reagent grade 
(J. T. Baker Co., Phillipsburg, NJ) 

n. TweenR-80 (polyoxyethylene-20 sorbitan monooleate) 
(J. T. Baker Co.) 

o. Magnesium sulfate, heptahydrate, crystalline, Fisher certified 
(Fisher Scientific Co.) 

p. Sodium chloride (NaCI), reagent grade 
(Fisher Scientific Co.) 

q. Ferric sulfate, heptahydrate, crystalline, ACS certified 
(Fisher Scientific Co.) 

r. Manganese sulfate, monohydrate, purified 
(Fisher Scientific Co.) 

s. Hydrochloric acid (HCl), concentrated, ACS certified 
(Fisher Scientific Co.) 

t. Adenine sulfate, > 99% purity 
(ICN Pharmaceuticals, Inc.) 

u. Guanine hydrochloride, > 98% purity 
(Sigma Chemical Co.) 

v. Uracil, > 98.5% purity 
(ICN Pharmaceuticals, Inc.) 

w. Glutathione, reduced, > 98.5% purity 
(ICN Pharmaceuticals, Inc.) 

x. Riboflavin, > 98% purity 
(Sigma Chemical Co.) 

y. p-Aminobenzoic acid, potassium salt, > 99% purity 
(ICN Pharmaceuticals, Inc.) 

z. Pyridoxine hydrochloride, > 98% purity 
(Sigma Chemical Co.) 

(a)Thiamine hydrochloride, Baker grade 
(J. T. Baker Co.) 

(b)Calcium pantothenate, A grade 
(Calciochem-Behring Corp., La Jolla, CA) 

(c) Nicotinic acid, > 98% purity 
(Eastman Kodak Co., Rochester, NY) 

(d)d-Biotin, > 99% purity 
(ICN Pharmaceuticals, Inc.) 

(e) L-Asparagine, > 98.5% purity 
(ICN Pharmaceuticals, Inc.) 

(f) L-Ascorbic acid, “Baker Analyzed” grade 
(J. T. Baker Co.) 

(g) Sterile volumetric glassware and pipets or sterile disposable pipets, disposable l-dram vials 
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(h)Corning 13- X 125-mm and 16 X 150-mm disposable culture tubes 
(Corning Glassworks, Corning, NY) 

(i) Bacti-Capall autoclavable caps 
(Sherwood Medical Industries, Inc., St. Louis, MO) 

(j) Heavy-gauge aluminum foil (Alcoa Wrap) 
(Aluminum Company of American, Pittsburgh, PA) 

(k) 2-mL conical bottom sample cups 
(Sherwood Medical Industries) 

(I) Distilled water 

(m) Formaldehyde, 37% by weight, histological grade (Fisher Scientific Co.) 
(n) Brij-35, 30% solution (Pierce Chemical Co., Rockford, IL) 

4. Reagent Preparation 
a. Lactobacillus Maintenance Agar and Transfer Broth 

Prepare as directed, dispense in screw-cap tubes in 10-mL volumes, and autoclave for 15 min at 
121°C, 15 psi. (Store at 4°C.) 

b. Phosphate Buffer, pH 6.1 at 25°C 
Add 11.39 g of monobasic potassium phosphate and 2.96 g of dibasic potassium to 500 mL of 
distilled water in a l-liter flask. Mix and bring to volume. Adjust pH to 6.1 with 0.1 mol/L 
NaOH. On day of use, add 100 mg of ascorbic acid per 100 mL of buffer required. (Store at 
4°C.) 

c. 1 g/dL Ascorbic Acid 
Dilute 10 g of L-ascorbic acid to 1 L with distilled water and mix well. (Prepare fresh each time 
hemolysates are prepared.) 

d. 0.85 g/dL Saline 
Dilute 8.5 g of sodium chloride to 1 L with water. Mix well, aliquot in 10-mL volumes in screw-
cap culture tubes, and autoclave for 15 min at 121°C, 15 psi.. (Store at 4°C.) 

e. Double-strength Assay Medium, pH 6.8 
Prepare exactly as described by Baker et a/. (Commercial sources of medium have yielded in-
consistent assay. results.) After preparing the medium, filter-sterilize it, dispense in 100-mL 
volumes in sterile glass screw-cap bottles, and store at -20°C. (Solution is concentrated twofold 
to minimize storage volume.) 

f. 20% (v/v) Ethanol Solution 
Dilute 24 mL of anhydrous ethanol with 96 mL of distilled water. 
(Prepare on day of use for standard solvent.) 

g. 0.1 mol/L Sodium Hydroxide (NaOH) 
Dissolve 4 g of sodium hydroxide pellets (or 8 mL of 50% (v/v) solution) with stirring in 1 L 
of distilled water. 

h. 0.05 mol/L Hydrochloric Acid (HC/) 
Dilute 4.0 mL of concentrated hydrochloric acid (12.5 mol/L) to 1 L with distilled water. 
(Stable at room temperature.) 

i. Wash Solution 
Add 1.0 mL of 37% (v/v)f ormaldehyde and 2.0 mL of BRIJ-35, 30% solution, to 4 L of di
stilled water. (The formaldehyde helps limit bacterial growth in the pump tubing.) 

5. Standard Preparation 
a. 200 ug/mL Stock Pteroylglutamic Acid (PGA) Standard 

Mix 20 mg of PGA in 90 mL of 20% ethanol in a beaker. Adjust the pH of the mixture to 10.0 
with 0.1 mol/L NaOH to dissolve the PGA, then adjust the pH to 7.0 with 0.05 mol/L HCI. 
Quantitatively transfer the contents of the beaker to a 100-mL volumetric flask. Wash the 
beaker with two 1.0-mL aliquots of 20% ethanol, and transfer the washes to the volumetric 
flask. Bring to volume with 20% ethanol. Divide this 200 ug/mL stock solution into 1.5-ml 
aliquots in 1dram screw-cap glass vials. (Store at -70°C for up to 1 year.) After preparation and 
at periodic intervals, verify the ultraviolet absorption spectrum of the PGA by diluting the stock 
standard 1:20 with 0.1 mol/L NaOH to give a 10 ug/mL solution. Scan this solution in a l-cm2 
cuvette with a double-beam spectrophotometer (such as the Beckman DB-GT) from 420 to 
230 nm. Check for 3 absorbance maxima at approximately 257, 282, and 365 nm with milli
molar absorptivities of 585,570, and 206, respectively. 
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b. 2.0 ng/mL Intermediate Standard 
Thaw and mix well an aliquot of 200 ug/mL of stock PGA standard. Dilute 1.0 mL to 1 L with 
distilled water and mix well. Dilute 5 mL of this solution to 500 mL with distilled water to give 
a 2 ng/mL concentration. 

c. Working PGA Standards 
Pipette the following amounts of 2 ng/mL of PGA standard and distilled water into 16- X 150-
mm disposable glass culture tubes: 

mL of 2 ng/mL 
PGA Standard 

0 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 
7.0 
8.0 
9.0 

10.0 

mL of 
Distilled Water 

10.0 
9.5 
9.0 
8.0 
7.0 
6.0 
5.0 
4.0 
3.0 
2.0 
1.0 

0 

Apparent Conc. 
ng/mL 

0.0 
1.0 
2.0 
4.0 
6.0 
8.0 

10.0 
12.0 
14.0 
16.0 
18.0 
20.0 

Mix well and add 0.1 mL of each concentration to 1.9 mL of assay medium for the standard 
curve to give an apparent calculated concentration of 0 to 20 ng/mL. 

6. Preparation of Lactobacillus casei organism 
a. Maintenance of Stock Culture 

Reconstitute a lyophilized L. Casei culture (ATCC 7469) with 10 mL of sterile broth and in
cubate culture for 24 h at 37°C. Transfer the organism to a new broth and incubate an addi
tional 24 h. Vortex the second 24-h culture and use it to inoculate 30 stabs of agar. Incubate 
these stabs for 24 h at 37°C; then store them at 4°C until needed for daily inoculum prepara
tions. Every 3 weeks, use 6 stabs to subculture 30 new stabs. Save five of the previous cultures 
as reserves for 6 months in case of contamination. If mutation of the organism appears to have 
occurred (as manifested by greatly reduced growth response), start process over with a new 
lyophilized culture. 

b. Daily Inoculum Preparation 
On the afternoon of the day before inoculation, transfer the stock culture from agar stab to 
broth and incubate for 18 h at 37°C. At the beginning of the next working day, vortex the 18 
h broth culture and inoculate two new tubes of broth with 6 drops of culture, using a sterile 
cotton-plugged 0.5-mL pipet. Incubate these tubes for 6 h at 37°C. At the end of 6 h, centri
fuge the two broth tubes at 2400 rpm for 5 min. Decant the supernant of the tube with the 
largest cell sediment and wash and recentrifuge 3 times with 10 mL of sterile 0.85 g/dL saline. 
Dilute the cells 1:100 by adding 0.4 mL of the washed, resuspended cells to 40 mL of sterile 
saline. Add 1 drop of this inoculum to each tube of assay medium. 

7. Procedure 
The microbiological assay for serum and red cell folate requires 3 days. On the first day, the folate 
is extracted from the serum/whole blood hemolysate specimen and quality control materials. On 
the second day, the extracted samples and standards are diluted with folate-deficient assay medi
um and inoculated with L. casei. On the third day, the turbidity of the resulting growth is mea
sured. 
Note: Serum specimens or whole blood hemolysates that have not been properly prepared and 

frozen or inadvertently thawed are unacceptable for analysis because the folic acid has dete
riorated. 

a. Day 1 - Extraction of Samples 
(1) Thaw all serum and whole blood specimens and quality control materials and vortex each 

thoroughly. 
(2) Prepare the phosphate buffer for use by adding 100 mg of ascorbic acid per 100 mL of buf

fer to act as a preservative to keep the folate in the reduced state. Approximately 4 mL of 
buffer will be used for every sample specimen extracted. 
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(3) Using the ‘Micromedic, Automatic Pipette, dilute 0.4 mL of serum with 3.6 mL of phos
phate buffer into 16- X 150-mm tubes. The RBC samples (collected and processed in the 
field as 1:5 dilutions with 1 g/dL ascorbic acid) are extracted 1:10, 1:20, and 1:40 with 
phosphate buffer to give final dilutions of 1:50, 1:100, and 1:200 (because of the wide 
variance of possible red cell folate levels). These dilutions are made as follows: 

mL of 1:5 mL of 
Hemolysate Phosphate Buffer Final Dilution 

0.4 3.6 1:50 
0.2 3.8 1.100 
0.1 3.9 1:200 

(4) Vortex each tube, cover with an autoclavable cap, and autoclave for 3 min at 121°C, 15 
psi, to precipitate the proteins and release the folic acid. 

(5) Allow the tubes to cool, then centrifuge at 2400 rpm for 5 min. Decant the supernatant 
into disposable l-dram glass vials and store at -20°C if the extract is not to be assayed on 
the same day. (Stable up to 1 week at -20°C.) 

b. Day 2 - Preparation of Standards, Media Addition, and Inoculation of Samples 
(1) Prepare the 6-h L. casei culture at the beginning of the working day. 

(2) Prepare the working standard dilutions. 

(3) Prepare the folic acid assay medium by thawing the frozen 2X concentrate. For every 100 
mL of 2X medium used, add 90 mL of distilled water and 0.2 g of ascorbic acid and mix 
well. Approximately 600 mL of working medium will be required for assaying 100 samples, 

(4) Thaw and mix each extract. Dilute 0.1 mL of each extract with 1.9 mL of assay medium 
into 13- X 100-mm glass tubes. Prepare the samples in duplicate, the standards and quality 
control materials in triplicate, and the 1.2 “blanks” (containing distilled water as sample). 

(5) Cap all the tubes and autoclave at 121°C, 15 psi, for 3 min. Allow tubes to cool. 
(6) Prepare 1:100 dilution of inoculum in a sterile, 3-oz bottle. Mix inoculum well, shaking the 

bottle again each time the sterile dropper pipette is filled. Deliver 1 drop (0.05 mL) of 
inoculum to each tube except one set of three “uninoculated” blanks. Cover rack of tubes 
with aluminum foil, and incubate in the 37°C circulating water bath for 20 h. 

c. Day 3 - Measurement of Organism Growth 
(1) After 20-22 h of incubation, remove the tubes from the water bath and refrigerate at 4°C 

for at least 15 min to inhibit further growth of the L. casei. 

(2) Resuspend the cells in each tube by vortexing. Transfer the sample to a 2-mL conical 
bottom sample cup, place in the sampler tray, and position the Sampler II mixing assembly 
which will stir the specimen before sampling. Place an empty cup after each 20 samples to 
purge the sample system. 

(3) Record absorbances of sample peaks. Although L. casei is nonpathogenic, all tubes and 
sample cups should be autoclaved before discarding. Flush the AutoAnalyzer manifold 
with 1 mol/L NaOH for 10 min; then pump wash solution for 20 min. 

d. Calculations 
A nonlinear standard curve is obtained by plotting the absorbances of standards versus PGA 
concentration. Serum folic acid concentrations are read directly from the standard curve, as are 
red cell extract values. Serum results are reported as nanograms folate as PGA per milliliter of 
serum (ng/mL). For red cell folate concentrations, multiply by the appropriate dilution factor 
(that is, 1:50, 1:100, 1:200) to obtain whole blood folate levels. 
Note: The appropriate dilution level to select is the one with an absorbance level between 

those of the 2- and 18-ng/mL standards. 

Then: 

RBC folate = whole blood folate - serum folate (1 -hematocrit/100) 
as PGA hematocrit/100 

=ng folate/mL red blood cells 

8. CDC Modifications 
The following CDC modifications to the original methods are based on CDC studies: (a) the auto-
mated turbidity measurement is described by Slade et al.; 35 (b) the concentrations of standards 
differ from these described by Baker et a/ 36 and Cooperman;37 (c) the red cell folate dilutions 
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differ from those described by Hoffbrand et al.38, to accommodate collection and preservation of 
samples from the field; and (d) no incubation period of whole blood with diluent is used, since a 
freeze-thaw cycle accomplishes maximum red cell conjugase-activating effect, as described by 
Mortensen:19 

9. Flow Diagram 

MICROBIOLOGICAL FOLATE FLOW DIAGRAM 

Sample 

I 

Bubbles to waste 

Single 
Mixing Coil .051 mL/min 

Air .045 mL/min 

C5 Debubbler 

Water to sample wash .110 mL/min 
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V.QualityControl 
A. PREPARATION OF CONTROL MATERIALS 

Serum (or plasma) quality control pools were prepared from pooled human serum (or plasma) 
with a low lipid content, which was well mixed and filtered through 0.45 and 0.20u Millipore* 
filters. Sterile techniques were used in dispensing the serum, which was mixed under a laminar-
flow hood while being aliquoted into glass vials, sealed, labeled, and stored at -20° to -70°C. 

Whole blood pools for lead and protoporphyrin were prepared from blood collected from cows 
dosed with lead acetate. Pools for red-cell folate were prepared from fresh human blood, with 
ascorbic acid added as a preservative to maintain the folic acid in a reduced state. These pools were 
mixed and dispensed in the same manner as serum. 

Special precautions were taken in preparing trace metals quality control pools so that back-
ground contamination of copper and zinc would be minimal. Highdensity polyethylene vials with 
caps were found to be acceptable as storage containers. 

To achieve low, normal, and high analyte levels in pools, we analyzed the pooled human serum 
or plasma for concentrations of the desired analyte(s), then divided the pool into three portions. 
We dispensed one portion as “normal,” diluted the second portion by one-third with sterile 0.85 
g/dL saline to achieve “low” concentration, and concentrated the third portion by Amicon** 
ultrafiltration to achieve “high” concentration. 

Although analytes, such as the metals, are very stable, others, such as red cell folate, are very 
labile and cannot withstand “freeze-thaw” effects. Some pool materials, such as for serum folate, 
can be lyophilized to gain maximum stability; total iron-binding capacity, however, cannot be sat
isfactorily performed on reconstituted lyophilized serum. 

*Millipore Corporation, Bedford, MA. 
**Amicon Corporation, Lexington, MA. 

B. SYSTEM DESCRIPTION 
Two types of quality control systems were used for the major chemical analyses. These in

cluded all Analyses performed in the Nutritional Biochemistry Branch, glucose analyses performed 
in the Metabolic Biochemistry Branch, and blood lead analyses performed in the Toxicology 
Branch. These two systems were: (1) “bench” quality control pools inserted by the analyst and 
measured from 2-4 times in each analytical run to make judgements on the day of analysis and (2) 
“blind” quality control samples which were placed in vials, labeled, and processed so that they 
would be indistinguishable from regular HANES I I samples. The results for the latter were decoded 
and reviewed by the quality control supervisor. If the average of replicate values of either “bench” 
or “blind” quality control samples fell outside their respective, established 95% confidence limits, 
the run was repeated. With both quality control systems, all levels of analyte concentration were 
assessed by taking these samples through the complete analytical process. The data from these 
materials could then be used to estimate methodological imprecision resulting from inherent errors, 
such as those in instruments reagents, and calibration procedures, and to assess the magnitude of 
any time-associated trends. 

For each analyte, two levels of “blind” quality control pools were used. These pools were 
prepared in sufficient quantity to cover the duration of the survey. The levels chosen were general
ly in the “low normal” and “high normal” ranges. The pools were prepared in the same manner as 
“bench” quality control pools for each analyte, dispensed into vials identical to those used in the 
field for HANES II samples, labeled with pseudo-patient numbers corresponding to each geograph
ical location and stored at -20°C. At least one “blind” sample was randomly incorporated with 
every 20 HANES II samples and analyzed in duplicate. 

“Bench” quality control pools comprised three or more levels of concentration spanning the 
low, normal, and elevated range for each analyte. 

For each quality control pool, either a one-way or two-way classification analysis of variance 
(ANOVA)* was performed, depending upon the “run ‘I** format. In the one-way analysis of 
variance, time in days was designated as the classification variable in order to estimate within-
day and among-day components of variance and the total variance (sum of estimatesof “within” 

*Ostle, B. Statistics in Research. 2d ed. Ames, Iowa. The Iowa State University Press, 1963. 
**Run = usually a set of consecutive assays performed without interruption. 

The results are usually calculated from the set of calibration readings. 
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and “among” components). The two-way nested ANOVA was used when multiple runs occurred 
within a day. This analysis allows computation of the additional component attributable to 
among-run, withinday variance. 

Long-term “bench” quality control plots for the pools used in HANES II from January 1976 
to June 1980 are presented in section C, with tables summarizing the statistics for each pool for 
each analyte. 

C. ANALYSIS OF VARIANCE TABLES AND LONG-TERM QUALITY CONTROL 
CHARTS 

TABLE 4 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Erythrocyte Protoporphyrin 

Mean 
Pool Number Dates (ug/dL RBC) 

Standard 
Deviation 

(ug/dL RBC) 

Coefficient 
of Variation 

(%) 
Number of 

Observations 

052576-043080 74.744 11.58 15.50 1525 
052576-093076 91.068 9.03 9.91 143 

9976 * 052576-090176 135.793 10.91 8.03 98 
071576-020778 184.653 12.56 6.80 455 

7176 + 110276 - 043080 42.214 4.23 10.01 1354 
4677 x 042577-043080 133.763 10.05 7.52 1238 

042577-043080 199.414 12.65 6.35 1239 
070177 - 111679 66.204 7.38 11.15 979 

4278 o 080578-043080 77.930 7.95 10.60 790 

CHART 1 ERYTHROCYTE PROTOPORPHYRIN 
MONTHLY MEANS 

I 

0 6 12 18 24 30 36 42 48 54 
MONTHS 

51 



TABLE 5 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Serum Iron 

Standard Coefficient 

Pool Number Dates 
Mean 

(ug/dL) 
Deviation 
(ug/dL) 

of Variation 
(%) 

Number of 
Observations 

062476- 120777 61.477 
062476 -112977 109.487 
062476 -112977 151.397 
081677 - 120479 70.580 
081677 - 120479 109.750 
081677-120479 160.985 
072779 - 041780 76.837 
072779 - 041780 101.426 
072779 - 041780 162.320 

CHART 2 

1.22 
1.73 
2.15 
1.19 
1.63 
2.47 
1.60 
1.81 
2.69 

1.98 457 
1.58 457 
1.42 455 
1.69 796 
1.49 803 
1.54 775 
2.08 183 
1.79 183 
1.66 186 

SERUM IRON 
MONTHLY MEANS 



TABLE 6 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Serum Total Iron-Binding Capacity 

Standard Coefficient 

MONTHS 

53 

Pool Number Dates 
Mean 

(ug/dL) 
Deviation 
(ug/dL) 

of Variation 
(%) 

Number of 
Observations 

070876-120177 
070876-120177 
070876-120177 
090977 - 120579 
090977 - 120579 
090977 - 120579 
071979 - 061280 
071979 - 061280 
071979-061280 

231.25 
445.20 
599.96 
254.38 
406.71 
609.10 
262.04 
374.44 
574.37 

6.09 
8.57 
9.49 
6.10 

10.03 
17.22 

6.44 
9.36 

11.75 

2.64 
1.92 
1.58 
2.40 
2.47 
2.83 
2.46 
2.50 
2.05 

373 
373 
372 
742 
756 
737 
223 
216 
219 

CHART 3 TOTAL IRON-BINDING CAPACITY 
MONTHLY MEANS 

I I I I I I I I I I 

0 6 12 18. 24 30 36 42 48 54 



TABLE 7 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Serum Albumin 

Pool Number Dates 
Mean 

(g/dL) 

Standard 
Deviation 

(g/dL) 

Coefficient 
of Variation 

(%) 
Number of 

Observations 

041976 - 112277 2.346 0.054 2.30 454 
041976 - 112277 4.434 0.071 1.61 450 
041976 - 112277 6.549 0.106 1.62 449 
090877 - 042580 2.884 0.067 2.34 512 
090877 - 042580 4.593 0.079 1.73 517 
090877 - 042580 6.706 0.121 1.80 509 
071379 - 042580 3.225 0.093 2.89 100 
071379 - 042580 4.597 0.092 2.00 96 
071379 - 042580 6.878 0.108 1.56 96 

SERUM ALBUMIN 
MONTHLY MEANS 

I I I I I I I I I I 
0 6 12 18 24 30 36 42 48 54 

MONTHS 

54 



TABLE 8 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Serum Vitamin C 

Standard Coefficient 

I I I I I I I | I I 

0 6 12 18 24 30 36 42 48 54 

MONTHS 

55 

CHART 5 

Pool Number 

6677 
7477 
4377 

Dates 

031676 - 06078 
120878 - 060678 
031676 - 070877 
110377-041180 
103078 - 041180 
062977 - 041180 

Mean 
(mg/dL) 

0.355 
1.184 
2.248 
0.345 
1.106 
2.590 

Deviation 
(mg/dL) 

0.022 
0.035 
0.040 
0.021 
0.028 
0.079 

of Variation 
(%) 

6.22 
2.97 
1.76 
6.17 
2.57 
3.06 

Number of 
Observations 

444 
512 
333 
247 
134 
289 

SERUM VITAMIN C 
MONTHLY MEANS 



TABLE 9 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Serum Zinc 

Standard Coefficient 

MONTHLY MEANS 

MONTHS 

56 

CHART 6 

Pool Number 

0476 
0576 
0676 

Dates 

060276 - 061080 
060276 - 061080 
060276 - 061080 

Mean 
(ug/dL) 

60.874 
86.729 

152.603 

Deviation 
(ug/dL) 

3.17 
3.81 
5.38 

of Variation 
(%) 

5.21 
4.40 
3.53 

Number of 
Observations 

1970 
1991 
1977 

SERUM ZINC 



TABLE 10 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Serum Copper 

Pool Number Dates 

0476 060276 - 061080 
0576 060276 - 061080 
0676 060276 - 061080 

Mean 
(ug/dL) 

82.738 
132.556 
201.583 

Standard 
Deviation 
(ug/dL) 

2.73 
3.40 
5.20 

Coefficient 
of Variation 

(%) 

3.30 
2.57 
2.58 

Number of 
Observations 

2231 
2240 
2216 

CHART 7 SERUM COPPER 
MONTHLY MEANS 

I 1 I I 

06 12 
I I I I I I I 

18 24 30 36 42 48 54 

MONTHS 

57 



TABLE 11 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Serum Vitamin A 

Mean 
Standard Coefficient 
Deviation of Variation Number of 

MONTHLY MEANS 

I I | I | | I I I I | 

0 6 12 18 24 30 36 42 48 54 

MONTHS 

CHART 8 

Pool Number Dates 

1676 q 062176-111276 
1776 062176 - 080878 
1876 062176 - 033078 

22222 l 041977 - 052578 
5176 110176-033178 
6477 033078 - 050880 
3578 042578 - 050880 
9979 + 072778 - 050880 
0819 050879 - 050880 

(ug/dL) 

27.786 
52.146 
74.427 
39.329 
25.056 
26.498 
64.230 
49.073 
84.046 

(ug/dL) (%) 

1.99 7.16 
2.75 5.27 
4.89 6.57 
1.88 4.80 
1.34 5.33 
2.17 8.21 
4.87 7.59 
6.24 12.73 
5.67 6.75 

Observations 

47 
215 
195 

95 
173 
151 
150 
120 

92 

SERUM VITAMIN A 



TABLE 12 

HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Radioassay Serum Folate 

Pool Number 

4877 
4977 
5077 
6077 

Dates 

070578 - 050980 
070578 - 050980 
070578 - 050980 
070578 - 050980 

Mean 
(ng/mL) 

3.504 
7.296 

10.195 
4.140 

Standard Coefficient 
Deviation of Variation Number of 
(ng/mL) (%) Observations 

0.509 14.5 355 
0.774 10.6 338 
1.187 11.6 323 
0.525 12.7 345 

RADIOASSAY SERUM FOLATE 

MONTHLY MEANS 

I I I I I I I I I 

I I I I I I I I I I 

0 6 12 18 24 30 36 42 48 54 

MONTHS 



TABLE 13 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: RadioassayRedCellFolate 

Pool Number Dates 

5177 091978 - 120678 
5277 + 091978 - 120678 
5377 091978 - 120678 
3978 012279-061279 
4078 012279 - 061879 
4178 012279 - 061879 
2279 072479 - 050980 
2379 072479 - 050980 
2479 072479 - 050980 

Mean 
(ng/mL RBC) 

136.32 
216.78 
438.03 
128.56 
220.85 
420.00 
137.04 
265.36 
583.11 

Standard Coefficient 
Deviation of Variation 

(ng/mL RBC) (%) 

27.64 20.27 
33.94 15.67 
54.72 12.49 
45.83 35.65 
33.67 15.25 
60.89 14.50 
45.41 33.14 
60.64 22.85 
75.45 12.94 

Number 
Observations 

12 
12 
12 
38 
45 
44 
53 
50 
50 

CHART 10 RADIOASSAY RED CELL FOLATE 

MONTHLY MEANS 

I I I I I I 
06 12 18 24 30 

I I I I 
36 42 48 54 

MONTHS 

60 



CHART 11 

TABLE 14 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Serum Vitamin B-12 

Pool Number 

5777 
5877 
5977 
2579 
2679 q 

2779 

Dates 

082277 - 051680 
071377 - 051680 
082277 - 051680 
121379 - 051680 
121379 - 051680 
121379-051680 

Mean 
(pg/mL) 

291.17 
692.83 

1250.51 
340.29 
594.57 

1117.71 

Standard 
Deviation 
(pg/mL) 

32.60 
66.21 

136.61 
39.43 
51.71 

151.71 

Coefficient 
of Variation 

(%) 

11.20 
9.56 

10.90 
11.59 

8.70 
13.57 

Number of 
Observations 

208 
221 
198 

27 
28 
28 

SERUM VITAMIN B-12 
MONTHLY MEANS 

I I I 
06 12 

I I I I I | 
18 24 30 36 42 48 54 

MONTHS 

61 



TABLE 15 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Plasma Glucose 

Pool Number Dates 

4476 041676 - 052880 
6177 041676-032277 
3777 041676 - 060277 
6711 l 042077-110378 
3677 060177- 011580 
3178 062978-052880 
4679 021380-052880 

Mean 
(mg/dL) 

162.18 
82.88 

189.92 
75.83 

166.99 
97.33 

124.22 

Standard Coefficient 
Deviation of Variation 
(mg/dL) (%) 

2.10 1.29 
0.68 0.82 
1.54 0.81 
1.23 0.93 
1.99 1.19 
1.09 1.12 
2.04 2.53 

Number of 
Observations 

271 
62 
74 

123 
203 

96 
9 

CHART 12 PLASMA GLUCOSE 
MONTHLY MEANS 

I I I I 
06 12 

I I I I I I I 

18 24 30 36 42 48 54 
MONTHS 

62 



TABLE 16 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Whole Blood Lead 

Pool Number 

6020 l 
6027 + 
6039 
6031 
7039 
7037 
8037 
8038 
8039 
8040 
7007 
7018 
7040 
7041 
9056 
9054 
9066 
9055 

Dates 

072676 - 120176 
072676 - 120176 
120676 - 012077 
120676 - 012077 
050277 - 091477 
050277 - 091477 
011678 - 042078 
011678-042078 
042478 - 083078 
042478 - 083078 
071078 - 032179 
071078 - 032179 
020579 - 091279 
020579 - 091279 
061479-101179 
061479-101179 
031480 - 052780 
031480-052780 

Mean 
(ug/dL) 

27.269 
63.698 
21.294 
39.702 
22.660 
56.387 
11.632 
51.849 
27.903 
44.601 
26.238 
39.481 
26.052 
52.538 
27.675 
51.062 
31.240 
38.371 

Standard Coefficient 
Deviation of Variation 
(ug/dL) (%) 

3.00 10.99 
4.47 7.03 
2.87 13.46 
2.87 7.22 
3.16 13.93 
7.68 13.62 
1.76 15.15 
5.89 11.36 
3.72 13.31 
6.35 14.23 
3.77 14.35 
5.68 14.38 
3.22 12.38 
6.53 12.44 
3.50 12.63 
5.87 11.50 
3.46 11.07 
3.25 8.50 

Number of 
Observations 

92 
91 
16 
16 
81 
81 
99 
97 
89 
91 

119 
119 
156 
156 

68 
70 
65 
61 

CHART 13 WHOLE BLOOD LEAD 
MONTHLY MEANS 

MONTHS 

63 



CHART 14 

TABLE 17 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Serum Total Bilirubin 

Pool Number 

3677 q 
1011 
6876 

Dates 

030178-083179 
030178-083179 
030178-083179 

Moan 
(mg/dL) 

1.525 
2.916 
0.680 

Standard 
Deviation 
(mg/dL) 

.041 

.025 

.027 

Coefficient 
of Variation 

(%) 

2.672 
0.860 
4.011 

Number of 
Observations 

355 
355 
357 

SERUM TOTAL BILIRUBIN 
MONTHLY MEANS 

MONTHS 



TABLE 18 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Serum Glutamic-Oxaloacetic Transaminase 

Pool Number 

6876 
2775 
4776 

Dates 

030178-083179 
030178-083179 
030178 - 052379 

Mean 
(mg/dL) 

16.562 
22.058 
34.180 

Standard 
Deviation 
(mg/dL) 

1.132 
1.293 
1.463 

Coefficient 
of Variation 

(%) 

6.834 
5.860 
4.281 

Number of 
Observations 

300 
297 
256 

SERUM GLUTAMIC -OXALOACETIC TRANSAMINASE 
MONTHLY MEANS 

| I I 
12 

I I I I | I I 

0 6 18 24 30 36 42 48 54 

MONTHS 
65 



TABLE 19 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Serum Alkaline Phosphatase 

Standard Coefficient 

MONTHS 

66 

Pool Number Dates 

2275 030178 - 0831797071 030178 - 083179 
6876 030178 - 083179 

Mean 
(mg/dL) 

73.367 
78.224 
67.467 

Deviation 
(mg/dL) 

2.388 
2.167 
2.198 

of Variation 
(%) 

3.255 
2.770 
3.258 

Number of 
Observations 

291 
293 
393 

CHART 16 SERUM ALKALINE PHOSPHATASE 
MONTHLY MEANS 

I I I I I I I I I I I I I I 1 1 I I I I 
0 6 1 06 12 18 24 30 36 42 48 54 



TABLE 20 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Microbiological Serum Folate 

Standard Coefficient 

Pool Number Dates 
Mean 

(ng/mL) 
Deviation 
(ng/mL) 

of Variation 
(%) 

Number of 
Observations 

CHART 17 

7718 + 061676-021578 
061676-071377 
061676-033078 
061676-083178 
061676-083178 
061676-083178 
061676-102076 
011978-083178 
011978-083178 
011978-083178 
011978-083178 

3.736 
2.654 
6.212 

14.320 
3.070 
8.669 
8.970 
2.745 
6.314 
9.757 
3.415 

0.626 
0.439 
1.356 
2.271 
0.436 
1.278 
0.783 
0.446 
0.955 
0.928 
0.604 

16.76 118 
16.56 99 
21.83 123 
15.86 122 
14.19 106 
14.74 119 

8.73 24 
16.25 35 
15.13 35 

9.52 35 
17.69 38 

MICROBIOLOGICAL SERUM FOLATE 
MONTHLY MEANS 

I I | I | I I | I I I 

0 6 12 18 24 30 36 42 48 54 
MONTHS 

67 



TABLE 21 
HANES II QUALITY CONTROL SUMMARY 

ANALYTE: Microbiological Red Cell Folate 

Pool Number Dater 

061676 - 091578 
8576 + 061676 - 091578 
8676 l 061676 - 091578 
5177 081878 - 100678 
5277 081878 -100678 
5377 081878 - 100678 
3978 091578-111778 
4078 091578-111778 
4178 091578-111778 

Mean 
(ng/dL RBC) 

128.85 
132.68 
392.48 

46.50 
220.43 
443.94 
112.86 
155.22 
217.33 

Standard Coefficient 
Deviation of Variation 

(ng/dL RBC) (%) 

24.29 18.86 
27.65 20.84 
18.92 20.87 

6.23 13.41 
20.25 9.19 
47.07 10.60 
12.46 11.04 
20.31 13.08 
19.84 9.13 

Number of 
Observations 

92 
93 
90 
18 
18 
18 
16 
16 
16 

CHART l8 MICROBIOLOGICAL RED CELL FOLATE 
MONTHLY MEANS 
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